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A.BSTR M : 

during the h . decade, and die held Is . n c a j j I , > u i i the o l Ji u iti 

i ij ^ t \ v p i v i u i n i r I i r t i 

mouth in the absence o; additional vsaler tor ea: v administration ot active pharmaceutical 
ingredients. The popularity and usefulness of the formulation resulted in development of 
1 t di li 1 i i t u i i i u< 1 i d< - 

sf[jyc J to i t i { lit i >^ i: die; i r - i [npuu h thi 

t- i i ndetn FD'l techt a 1 ! h i i i n >u 

and compaction, as well as approaches ro enhancing die POT properties, such as spray- 
drying, -it j ' ^ t" in. • ■ \ v i t 'n, • 1 t h iuj( i t addition, 
t ^ i i m tc n i j lii lii ie mdclini d 

studies are also discussed. 



KEYWORDS, fj t d. 1 n i r i m ti In it ki i 

tion time, clinical stncii.es 



I. INTRODUCTION 

LA. Dysphagia and Fast Dssirrtegratmg Tablets (FDTs) 

P living, is common among all age groups. 1 Accord- 

ing to a study by Sastry et al. /dysphagia is common in about 35% of the general 
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pqiii di ' i 1 --"°a ^: -Hcj 1 it i J -\ \ niccts and 

1 $-22% of all person; in i> >ng~rsrm < are hi- I J 1 1 ie . C onnnon i otnp] lints a! - a.n the 
difficulty in swallowing tablets in the order of frequency of complaints are size, sur- 

j t f it 11 I J ill! 1 1 I 

L * 1 i 1' I 1 i. 1 o - ! I 11 v 1 . v v Jl 1 ,(. 

forms. 2 Another study shows that an estimated 50% of the population suffers from 
Ti, pr> >bt-m. Tie;c studio, >h. >w ,m uriniil need t ■]- a ■ [■ y-agc form thai can 
improve patient compliance. 3 Solid dosage forms that can he dissolved or suspended 
wish, water in the month for easy swallowing are highly desirable tor the pediatric 
and 'n - } ill t a web is oihc; o' y o- oho i: L- t k • lenience of 
readily administered dosage forms. 4 

During the last decade, fas; disintegrating tablet (FDT) techmoiogies that 
make tablets disintegrate in the mouth without chewing and additional water 
intake have drawn a great: deal of attention. Hie FDT is also known as fast melt- 
ing, fast dispersing, rapid dissolve, rapid melt, i aaist di>i?!t:g> atinv tablet. \ 
Ff ) 1 \ l i< 1 1 ^ < in i 1 If 1 ' iti I as 
orally disintegrating tablets. Recently, the European Pharmacopeia adopted the 
term orodispersible tablet for a tablet that disperses or disintegrates in less than 3 

u m te m 1 ill ( „ c u <; U n n i 

granules or melts in the mouth from a hard solid to a gel-like structure, allowing 
v t i v ill no; i > p.tiiv nis . 'the disintegration time for good FDTs varies from 
several seconds to about a minute. 

LB. Advantages of FDTs 

FD'ls have alt the advantages of solid dosage forms, such as good stability, accurate 

u) r t mi ' ' < v ' ^ ^ ii 

ID' Fa also have the advantages of liquid formulations, such as easy administration 

y i o k u nit l 1 (1 n 1 I i 11 

primary > it fs fox FDT re pc iatricge; ua ,and < } n n 

1 1 ; atient • it ents with persistent nausea; and patients who have little or 
no access to water. Application of FDTs can of course be extended to more general 
i dhh d i ,iu 1 1 y dastr-i i lot rt 

vit w, FD 1 s can provide nev, tics igc forms as a life cv< le management tool for drugs 
; eaj the eaad i their patent life 

Because the tablets disintegrate inside the mouth, drugs maybe absorbed in the 
buccal, pharyngeal, and gastric regions. Tans, rapid drug therapy intervention and 
increased bioavailability of drugs are possible. Because the pre-gastric drug absorp- 
tion avoids th e first-pass metabolism, the drug dose can be reduced if a significant 
amount of the drug is lost thn >ugJ i the hepatic metabolism. 
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li. DESIRED CHARACTERISTICS AMD DEVELOPMENT 
CHALLENGES OF FDTS 

Because admin i ir.jhoti • •] i-D'l' i> diti-'iem from idmimstration of conventional 
tablets, the FDTs should maintain several unique properties, as listed below. 3 ' 4 '" 

ILA. Fast Disintegration 

II >'] >- <-h III 1 l l 1 "1 l It "1 ) ^ 

small amount (e.g., 1-2 mL) of water. 11k c gration fluid is p o-< dc I by the 
saliva i i tlu paderu.The - c _/ v t t , i J . m t , ,o l pa n ■iriipuij 
suspension, which can provide good mouth feel and smooth swallowing. The "fast 

0 >'iihj boo 1 , ilh n.taa; a , \_ n i k'l in ie;; than 1 ' a ,a but it 
is preferred to have disintegration as soon as possible. 

ILB, Taste of Active ingredients 

Because FDTs dissolve or disintegrate in the patient s mouth, the drug will be par- 
tially dissolved in close proximity to the taste buds. After s wail .win _> , there shoul 1 

1 --j minimal an no re a in: in the mouth. A pi-, is.un is sic nisi. ic ha: n r cub ; .oconaes 
critical for patient a< ceptance. I hiless the drug is tasteless . >r Joes not have an un- 
dcbrhnk naate. taxteon. ; ;'kinu n?thuipuej should Ik mod \n i'inai lamoun.L hm;a 
technology should provide drugs without grittiness and with good mouth feel, 'Ihe 
amounl of taste-rnaskiug materials used in the dosage torms should be kept a:; low 
a, possil Je avoid excessive mare ise in rai let size. Ihe taste- masking tt • hn >log\ 
should also be compatible wiih !• HT '■■ i ions. For example, if drug particles 
ana- o >sicd !., aomnv, nnplcaunr taste, tiic sommg should not he broke;: during 
compression or dissolved during wet granulation. Taste masking of bitter-tasting 

J. to tl 1 FDT i ulations 

II.C. Drug Properties 

1 c 1 t a | it , a 1 t Li. i dect the 

tablet property. Many drug properties could potentially affect the performance of 
FDTs. For example , the ■ >iul a lit s, cry i .d mo'pK>l >gv, : ot ha le h/e hygroscopicity, 
compressi ] c \ density of a drug can significantly affect the final tablet s 
ch.ar.ua eristics, such as tablet strength and disintegration. 'Ihe FDT technology 
should be versatile enough to accommodate unique properties of each drug. 
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II.D. Tablet Strength and Porosity 

Because FDT ^ J m to iave a quick dissolution/disintegration time, the 

It li 1 ! ! \ U 1 .11 HI i i 11 11 O the I 

The key properties of the tablets are fast absorption or wetting of wate r into the 
tablets and disintegration of associated particles into individual components for fast 
dissolution. 71 n i , t i _ > t 1 ; ihk; 

structure should also have a highly porous network. Because the strength of a tablet 
1 -> it? u u in j. erselyi :d to compression 

pressure, it is important to rind the porosity that allows fast water absorption while 
maintaining high mechanical stremgh . In addition, j compression pressure causes 
fast Ji lin I , , ( i k i pi 1 .gm_ m 

conventional blisters or bottles. A strategy to increase tablet mechanical strength 
s\ rth. m k- - s del . - it\ ■ i - g : - > ^ ^ 'o ' .c :' - t Lag V 

tablets should be provided. 

ULE, Moisture Sensitivity 

FDTs should have low sensitivity to humidity, 'Ihis problem can be especially chal- 
lenging because many highly water-soluble excipients are used in formulation to 
enhance fast diss* >lvi rig pn perries as well as to create good mouth feel. Those highly 

S 1 ~ 1 \ i i I r t> 11 I 1 11 ' , r 

high humidity A good package design or other strategy id j be created to protect 
[PI from various \ o il conditions." 



HI. FORMULATION PROCESSES FOR MAKING 
FAST-DiSSOLYiNG TABLETS 

[here ire several te -i imuo aies drat produce -..mmercndh maiLhk I'D la Zydis : 
(Cardinal Health, Dublin, Ohio), OraSolv®/DuraSolv® (Cima Labs, Eden Prairie, 
M c 1 v 1 ' ll i chiP Norman, Okla - 

i kno< bn.oio fable 1), Some, oi: ! )T producrso 

market . ; ro ihmd m k 2. \ ^ ikcse ted in 'logics met 1 1 speck! require- 
ments for FDTs to some extent, none has all the desired properties. The currently 
available technologies have been reviewed in the literature.-' 4 ' 5,9 The technologies 
are usually grouped according to the method used in making FDTs, such as freeze 
drying, molding, and compression; compression is the most widely used method 
for narking FDTs. Some methods are focused on unique granulation methods, 
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TABLE 1. Summary of Technologies Used to Prepare FDTs 



Basis for Technology 


Company 


Technology 


Lyophilization process 




/>::;/ 


Jansson Pharmaceutica 


Quicksolv* 


Pharmalyoc 


Lyoc® 


Elan 


n »,>■'..-. >-■ >y ' 


Cotton candy process 


Biovail (Fuisz) 


RashDose® 


Tableting process 


Cima Labs 


OraSoiv®/DunV,!fr 


Yamanouchi 


WOWTAB® 


Elan Corp. 


i asl M 


Ethypharm 


Flashtab® 


Eurand 


AdvaTab™/Zipiets® 


KV Pharmaceutical 


OraQuick® 


SPi Pharma 


f , ^0 


Akina 


Frosta® 



such as spray di ving am i flash-heating, to make shear form formulations; some are 
focused on selecting specific excipieuts such as water-insoluble calcium salt, specific 
disintegrant combination, and spei sugar mbii rtion; and some are focused on 
spei ial inaimen: aMct > onij ro;;ion. such a; "ublirfiahu . u , sintering, and humid:!} 
treatments. Each method is examined in more detail below. 



IILA. Freeze Drying 

Freeze drying (lyophilization) is a process in which solvent is removed from a frozen 
c 1 u„ >l i n >i i >n> nil _ a c u- i ^ i i m " c tt< till- 

ing tablets are usually very light and have highly porous structures thj; .;?;• <w 
dissolution or disintegration. When placed on the tongue, the freeze dried unit 
d »i '\ >.3o>: .n i t ^ v.t>. ! ov ) 'ted drug. The entire freeze drviug 
i ^ i i i ^ j ures to eliminate adverse therm.;! Jfr-: ; 

that may affect _ -.tabid:} .luring n When ; toted in a dried state, the 

freeze- dried dosage form has relatively few stability problems during its shelf life. 

excrpients 

as well as the drug substance, leading to the enhanced dissolution rate. Freeze dry- 
ig owever, - re ively expensive manufacturing process, and the formulation 
s >o 1 gher temperature and humidity. 3 
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fl 

1 1 




ill 

o ir 






i 


iJu 

i II I 


ill 


Bristol-Myers Squibb 

Biovail 

Biovail 


t 

i i X 

i § u 

111 J 
il 


1. ! 
mi 


rs ! 
11 ! 

| 

a L 

I 1 1 
1 1 1 


idi 

III 1 s 




fiifi 

* i 1 } 1 


1 S u 
g ^ x 
■1 1 1 , 

Wt I 
11 1 I 


iji 
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|. 

til 


! 

M 
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ill 

v is c 

il.J.i 


: - 


Nurofen® Flashtab® 
Hyoscyamine Sulfate ODT 
Cibalginadue FAST 
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'< i t v. ^ Q u 't.'e.l - -simple of the freeze drying 

sueibti. In tlu Zrdif formulation;, 1 1 10 drug i; \ J o, Z aih trapped in .J matrix 
raposed oi haridc (e t i 1 lymer. 1 12 Tie 

nn i / \i em include (partialh hvdtoh 'eti 1 

gelatin, hydrolyzed d t coi n n p* .J u \ u i , 1 ak oh } v\ n p. 1} a t 

rolido ttur \ f 1 i dispers riled into 

blister i. ' k . d f : b.-n fr, j i n i < i i i _ i t 1 Ti t > h " t in 

the frozen state is removed to produce porous wafers. Because the units are fragile 
i j i i I [ u h^d through the 

foil of a conventional blister. A special peelat • i is used to package the 

Zydu units Because the watei conteni in the final treeze-dried product is too low 
for mictobes f >^ " . t / h . ; i 1 u n _ However, the 

Zydis® formulation is so sensitive to moisture that the tablet may melt between 
sweaty lingers when if: is taken ou r of the package. This dosage form may degrade 
a* humidhr greyer tinm <:~ : ''-. o a pinbd; < >" mm-n o on i'.;e to the package wiii 
lead to collapse of the tablet. 9 

There are some requirements for the Zydis® technology. The drug should be 
chemically stable and water insoluble, with a particle size smaller than 50 urn. Pre- 
< q it . i u m e i us i _ u t _ _ -} Jl u i. y Hi. 

soluble drugs may form eutectic mixtures that cannot be frozen adequately to form 
the rigid structure necessary to support itself after solvent is removed, which may 
e in | t let ] v. i n 1 i 

drugs is usually limitec tc 6 n Hi^ _ n be ac it r rated with- 

out I > J „ i m u pil * x IK 1 ] , t Jik 

form of an oil-in-water emulsion is directly placed in the blister ceil.' 3 

There are. 13 products current!) available based on the Zydis® technology. The 

i. it. ! i u v i n 1 i. I j n k " > ' x " > 

Feldene® Melt, Maxalt-MLT®, Pepcid® RPD, Zofran® ODT®, and Zyprexa® 
Z^ J , I t i > H " i 1 i i x v i ] i i in nd enalaprii 

are available in the A Z - w itions (Table 2). 9 

Quicksolv® (Janssen Pharmaceutica, Beese, Belgium) and Lyoc® (Farmalyoc 
[ i ^ ■> 1 \l Y ■> 1 i i 1 r 

drying method. In the Quicksolv® formulation, the matrix compositions are dis- 
solved in the first solvent (usually water), and then the solution is frozen. At the 
tempera E lire ai which tire firs: ;olvem will remain in the ; lid form, the frozen 
solution contacts the second solvent, which is substantially miscible with the first 
solvent, for example, ethasiol, menthol, or acetone is used as the second solvent 
with water as the firs; solvent. The matrix composition should be immiscible to 
t c Dcond vent. Thus, the first solvent is substantially removed after a few hours 
of contacting the second solvent, resulting in a usable matrix. 14 The final product 
disintegrates almost instantly. This method is claimed to prevent or reduce the 
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incidence of cracking during the final preparation, having uniform porosity and 
adequate strength for handling. 

In 1 [ >■ oiaiiei;, tl } i - mi brained H freeze drying 

- ~' 1 nit [ % i 1 I ^ >. v [ 1 

liu H" n it e i i it , 1 n 1 nit c 

large proportion of undissolved inert filler to increase the viscosity of the suspen- 
< i 11 h ^ ; -n > i . ah; lie: i c > t ) P' i i i i i i it) i a result, 
the disintegration is slower. It is also noted that the tablet still has poor mechanical 
resistance. 

\hi: { 1 ' ' 1 L in r . ] a K 1 i n 1 

administered nanoparticles (<2 |im) in the form of rapidly disintegrating tablet 

a tn v 11k I\ ni i. i > i t i _ 1 I 1 i_c ^ t i \ 1 

to facilitate the preparation of small-scale clinical supplies. NanoCrystal™ colloidal 
di rperhons oi . jiug ■-■■.I nn • ■ :n ■ ■ ■i[ibh:>'. I with n m r- vinUe mjT''' ;h i in . fill'' i inn ■ 
I j [ 1 t i H j i 7 !hi .lij-vb h i •„ p\;ok ■ tt r ■ ^ ■ 1\ 1 tl ^ I 

i 1 1 v i 1 >u n t i > it i nun it n 

as granulation, blend m it 1 anerate large quantities of aerosolized 

powder and present much higher risk of exposure. Ihe freeze-drying approach also 

t > FDT< L ec u >e 

losses are negligible. Ihe final tablet is durable enough for conventional blister or 
bottle packaging and accepts as much as 200 mg of drug per unit. Other features 
include conventional, compendial inactive components and non-moisture-sensi tive 



l'i i i . i - n tit i ii i i~ 1 ~> it! 

powder mixture is moistened with a solvent (usualk erhanoi or water), and then the 
mixture is molded into tablets under pressures lower than those used in conventional 
tablet compression. (This process is known as compression molding.) Then the solvent 
can be removed by air-drying. Because molded tablets are usually compressed at a 
lower ; •ro'.stne ;han ju in? " 1 >' < ' v , o ' , , iu^ * p. i< < , f 

ited to € 1 H t i mpi ove the dissolution rate, the powder 

bie.no n ; n.Jb, hi; i r nv n< ^ i i v- \ inn. va^ti. 

Recently, the molded forms have also been prepared directly from a molten 
matrix in which the drug is dissolved or dispersed (known as heat molding) or by 
evaporating the solvent from a drug solution or suspension at ambient pressure {no- 
vacuum lyophilization). 4 Solid dispersion also can be used to make the tablets. The 
drug can remain discrete particles or microparticles dispersed in the matrix. It can 
iiss Ive totally in the molten carrier to produce a solid solution or dissolve partially 
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in the molten carrier while the remaining undissolved particles disperse in the matrix, 
bin i bar.i etc rh.hcs o; the i side: ; (su< b is disintegration time, drug dissolution rate, 
and u1 i feed) van. based on the type t the dispersion or dissolution. 

Because of their water-soluble sugar components, molded tablets disintegrate 

do not 

have great mechanic al strength. 16 Ihe chance of erosion and breakage of the molded 
tablets : s 1 landling and opening i ch gb. If hatdne 

enhancing agents are added to the formulation, the rate of tablet disintegration 
usually decreases. 

MeJaam d n i 1 >. i t n c i improved 

by tising nonconventional equipment and/or multistep pj esses Using a noncon- 

! ipproacb, 1 \ i i 11 g c lent in rnach.inei 

Compared with freeze-drying, molded tablets can be produced more simply and 
efficienlh a' • m «•» \ dt bough disintegration times may not be compat ible 

to those of lyophilized to rats. 

Takeda Chemical Industrie ;. (CK ii a ni 1 mb m, • n '-'■bra 1 ihu (Kyoto, Japan) 
have disclosed compression- mold) ng. 3 Ihe wetted mass was compressed at low 
pressure and subsequently dried to produce porous tablets with sufficient mechani- 
cal strength. 7ne disintegration time was about 30-50 seconds in the mouth. In a 
patent by Novartis Consumer Health (Basel, Switzerland), the drug solution or 
suspension was dispersed into molds. Ihe solvent was removed from the units usu- 
ally by heating, pressure reduction, or microwave radiation. 39 In a patent by Okada, 
the molded tablets < un 1 a drug, a saccharide having a soiubilirv t 30 hvAv;% 
or less at room tempera: me (e.g., lactose and matmitol), and a saccharide haying a 
solubility of 30 (w/w)% or more at room temperature (e.g., glucose, fructose, sucrose, 
xylose, trehalose, xylitot, sorbitol, eiythritoh dextrin, and puiluian). Tire amount of 
this saccharide was slightly above its solubility. Hie mixture was a creamv aqueous 
suspension luring both l"u ;olubi!b\ .md high adubiiin, .uchnide' mu. iter 'IK. 
moisture then removed Irom the -.mpctisf -n t. ■ . .grab: m-dded tabled. - " jgbiev 
et al. described a vacuum drying process/ 1 'Ihe matrix network of the tablet included 
a gum, a carbohydrate, and the drug. Vacuum drying of the tablet above its collapse 
temperature instead of freeze drying below its collapse temperature provides a process 
mpiod lit,j ipid egrating 

in normal amounts of saliva. 

Ule: d studied the lactor; that affect tablet propertie in the wet compression 
method. 2 I a< tose n ith \ ari< -us particle sizes was wetted and compressed at low 
compression forces. 'Ihe resulting wet mass was dried in a circulating-air oven. Ihe 
result suggested that the tabid strength are 1 ciisintegrati. -n time were related to nee 
unounl >f solid bridges fo: ned t etween lactose particles. By optimizing factors such 
as compression force, size of lactose particles, and moisture content of the granules, 
which may affect solid bridge formation, tablets with tensile strength greater than 
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0,5 MPa and disintegration time shorter than 15 seconds could be made by the wet 
i otnpression .net's-:' 

III.C. Compaction 

H inn. , ; o>nv,/nil<n.b lsbb.1 1. > uul: ;.i 1 -■ ih ; oh ii ig tablet ; h i wry a 1 trad ive 

method because of the low manufacturing cost and ease in technology transfer. How- 
ever, the tablet press has been designed to make conventional tablets. When ma king 
nve ii iain1 ligh po) tv is notaprin * c rn,a 

high COmpif" i> I-.n , i a „ i U ,: : r..- 1 iv; ■■ J .k-1 -onion Alm\ 1 i\n eg n , h .CO 

been trie If -> iu»i n_ i i 1 - 1 ( . n_ , i 1 ) 

First, several granulation methods have been tried to obtain granules suitable for 
making FDTs. Wet granulation, dry granulation, spray drying, and flash heating 
methods have been tried. The second approach is to select special types oi exclpienrs 
as the main component for FDTs. The third approach is to c< mpre > > t iblets at low 
pressure and appiy 1 u i after- treatments to the soft tablets. The three most widely 
used approaches are described in detail below. 



1. Granulation Methods 
a. Wet Granulation 

Bonadeo et al, described a process of producing FDTs by wet granulation in a fluid- 
ized bed. 23 It was found rbat even with effervescent agents presented in the tablet 
with lower than 5%, quick disinteg i c t I I hermoj 

was ako ionnd dot on di nnn.gr.n ion hme o nid be ,icl lis. \ o.l using c uk the acid 
i h | or die orlcrvc t u k i n I i ■ nannd; 1 i u 1 pob, -■ 

alcohols (e.g., mamiitoi, xylitol, sorbitol, maltitol, erythritol, and lactitol), 1-30% of 
i di >k i id, ! n . n _u c \v in, Tin uOu , i, wet 

granulated with an aqueous solution of a water-soluble or water- dispersible polymer 
(e.g., polyb-thyiene gk \ h !. can igoen.m uid ehnvl cllnlr.se;. vnhich consisted of 
1-1 0% ot the ianal wci.T 1 ■ hie grmnle s , fund bob ! ir males with high porosity 
•uid Ion .ippnnn! dcnsb\ n\ re obt hned. and the cablets made bv s-nch grjnulcs had 
rapid disintegration times ranging from 3 to 30 seconds in the saliva. 

Jian et al. 24 developed an FDT for a poorly water-soluble active ingredient. 
Fum i) m tn.i'on mod by inc. bani g g i in 

suitable size reduction process. Those nan oparticles, less than 2 pm.were stabilized 
by surfactants. The particles were granulated with at least one pharmaceutical^ 
acceptable water-soluble or water -dispersible excipieni using a fluid bed, and the 
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granules were made into tablets. The tablets had complete disintegration or dissolu- 
tion, in less than 3 minutes. 



b. Dry Granulation 

Eoga and Valla 35 disclosed a method of making FDTs by diy granulation. Higher 
density alkali earth metal salts arid water-soluble carbohydrates usually do not 
provide quick disintegr.uior; -and a smooth mouth feel. L » - >• -v ail; ib 
metal sails and water soluble carbohydrates, are also difficult to compress and caused 
inaderuitf i nl "or the<-e rei^cn - h tit 

salts or water- soluble c.uh > I n\1 rales ere ptto -mpa- ted. and ;bc te sauting granules 
were compressed into tablets that could dissolve fast. In this process, a powdered 

-J JvJJaJ 1\ J 1 1 11 V I ' ' , t) 1 ' .1 it 1 ^ ^ v l-v J Cv , V 

n I in \ m. The resulting 

granules were compressed into tablets. 

c. Melt Granulation 

Abdeibary et al. 26 described a new approach of preparing FDTs with sufficient me- 
chanic b; st: enc;tb. " d* i 1 e -y a nil -a t i <hbe: ■; .buyer; •.olytaato 1 
PEG-6-stearate) by melt granulation or wet granulation. Because Supcrpolystate'® 
; a wayv matt 1 i 1 f 'Vj v ill) } 1 
ance (HI h i it v < u t r n < , 1 ^ m i in f i ■> 
strength of tablets but also help the disintegration of the tablets. In case of melt 
granular! u , u c " i j 1 peed Made a r 40-44 "C, ac- 
o^rdinglo the t ml and hy-mel: pny.sim^ K;nu-; .ramLa.n unybin-v. aler 

u 1 u ^ i ] n i v. i ul 1 

blended with croscarmellose, aspartame, and magnesium stearate and compressed 

f i k 1 i in u 1 > i e ! 1 

granulation FDTs, The disintegration times of melt granulation tablets, however, 
was more than 1 minute. 



d. Spray Drying 

Spi \ In g methods a dc t j n tl hemical pro- 

cesses. Sprai diy ing provides a fast and economical way of removing solvents and 
, > } r 1 c <i ^r Vlen and Wang 27 produced a particulate 
[ >rt mat! sf 1 use in DTs by a spray-drying technique. The compo- 
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Rents included supporting agents composed of two polypeptide components of the 
same.! charge (p: ebb r* h c 1 m i 1 b 1 c n-d j Iking agent 

(tnannit" >J >, an- i a volatilizing agent . fo maintain the net chat ges of the polypeptide 

led. The mixtures of the 

ah ^ i i. i 1 I in : S 1 v. i 1 1 t. 

polypeptide components of the same charge was that molecules would repel each 
other even slic: spr i\ driinm so p-rons and lew-buif-densb v panicles could be 
formed. By incorporating a volatilizing agent (ethanol in most cases), the surface 
tension of the droplets was farther reduced during pr.e. drvuig. and more pores 
and chmmk we.- >- e.fa edd H ;■. db-'- fat fan rafa"t 'be manh wj , : e liber 1 iiere.it eb 
when combined with a bulking agent. A minimal amount of an effervescent agent 

Ml 11 1 111 I i 1 1 I 1 ill 

the tablets intact during handling, a thin coating of" polymeric .material could be 
.eppih-d 1 Menially 11)1 > 0.0 inp >h .uid noi bibibil lie: c.ipbht v m .take ot v>Mier dur- 
ing dissolution. Active ingredients can be microencapsulated or nanoencapsu l-.it ed 
to further achieve taste masking. 

e. Flash Heat Process 

Fuisz Technologies (Chan ' . 1 1 1 ' i < 1 1 1 I 

to make Flashdose. The Shearforra® technology 28 uses a unique spinning mecha- 
ni t ) ki< 1 - ! nui 1 v t 1 n c 1 \ 1 lu 

1 v i e o c I . _ il nl > 1 .11 

simultaneously. An internal flow is created by this condition to force the flowing 

1 out of th "big } dc ! } tin i 1 ing id. The mass 

is cooled down as it comes out of the opening to form a discrete fiber structure, 
as seen in cotton candy, line { \o v t Titling 1 1 - 1 1 ' rpm, and the 

temperature gradient is about 180-250°C. The carrier materials include saccharides, 
polysaccharides, and mixtures thereof. 

has seli-bindung properties. [fie firs 1 ystem was named .1 fioss or urn floss. 

1 - > his kind. made, ot sue ito fito t 

self hi adi g \ P te ised two separate flosses. One was xy- 

b 1 1 1 1 f d die ^ ; es th n tain different 

sugar alcohols or saccharide. When, the two .flosses were combined, it was termed 

with self-bin "1 ;$ Two techniques were used in recrystallizaiion. One 

was using crystallization enhancers including ethanol, polyvinylpyrrolidone, water 
(e.g.. moisture), glycerin, and radiant energy (e.g., microwaves). Hie other was using 
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crystallization, modifiers, which were included in floss ingredients at 0.01-20.0% 

[ i. t li n lit c 1 I i i _ 

HLB ot about 6 or more. 

A hygroscopi' mil <'iu.i u i \ Jitol must be presen n c svsl '[n 1 
good 1 J In marmot erist to the i it ^ i t } ^ ^ i 

control the self-binding properties, this hygroscopic material must have a substan- 

lllb it^t J ^ } 11 1 HI t i J 1 tt ti 

initial floss coming out of the spinning machine is in its amorphous state. However, 
I s i ,t •> ( ' 1 ■ . \ , i x > ui u i < * , Oh, J ' I >\ vn ii illi 

* [ 1 1 1 t. I v 1 I 11 W . ' i. 1 

Because of intimate contacts among all components in the matrix, recrystallization 
of one component can have significant impact on the characteristic:; of surround- 
ing components and farther change the properties of the matrix as a whole. The 
floss gradually b s it.; amorphous cJ it i tt .is the tt i - 1 t h i mm , due 

io time flo is erd meed to make it suitable for the conventional tablet-- 
ing process. 

2. Direct Compression 

From the pharmaceutics manurat turers point of view, direct compression is the 
simplest d the tal mi t Pi u ; m mmit u 

companies cart use conventional manufacturing equipment and commonly avail- 

il k m_H tltl lht> - h vi ^ he ipmli. ! ^ ' : KOT.lm ] ) 

appropriate combinations ot e v < ?rovi c t disintegration and 

good pdvhm J resisiamt . 'mmmir- i use. i tmcipient ■, km. K en -.ndc iy used a- I ■ulkmg 
agents because ot rheit high aqueous soiubilin u;d weenie pica ing mourh- feel 
am i ,i"d ii'K ' in.;'. \ > hi •> - m i i i ; i ) I iik i > 1 ' ^ r ,i ig - 

■mate? vr- ii then ietn urn u; 



a, Dis'mtegrants Used in FDTs 

> e m v. ^ nt 1 1 i *~ t - ntegrant, while others use a com- 
bination of dis ' s. Dobel i zed different types of non-effervescent 
dhiutcm mm um.-d in One pharm.m ui k J area. 

• !>tifrc'h and modified starches, 1 h is group i hes (such as maize 

starch and potato starch), directly compressible starches (such as starch 1500), 
;v mm I - an he; - sm h . t ; ^ m m.vira. i h Jj mclies and sodium starch glycolate), 
and starch derivatives (such as amyiose). 
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* Cross-linked polyvinylpyrrolidone 

* Modified celluloses such as cross- Jinked sodium carboxymethylcellulose 
8 Alginic acid and sodium alginate 

* Miavcrystalline cellulose 

* Methacrylic acid-divinylhenzene copolymer salts 

In addition, p^h b HI n [nt 

meeuih R-ji >i R-d .5'. m:j \ rd b:n1> -jr. mi i'. p; v.c ii);j a unique porous structure. 11 They 

were used as a wicking agent to decrease the disintegration time of FDTs. The 

1 i l Id ][ ! Ill It) s lit 

water and 50 times in pH 6.8 0.2 M phosphate buffer. The SPH microparticle size 
had a significant effect on ' t ion time and tensile strength of ketopro .ten 

FDTs. The minimum lis nt ;ra1 n time was observed when the microparticlc size 
was in the range of 75-106 um. Tensile strength of the tablets decreased as the SPH 
microparticle sizes decreased from 180-250 um to 25-44 um. However, when the 
microparticle sizes were smaller than 25 um, the tensile strength of the resultant 
■abltj joir si/, Ji<o..\i ..-J 11 ml. [>,T 1 j 1 nl b t 

1 [t 1 i ] 1 5 1 i -dd 1 )t tt t 1 ) t ] 

75-106 |im owed the « iisintegration time (15.0 ± 2.0 s) and higher tensile 
strength (84.4 ± 4.1 N/cm 2 ). 



b, Inorganic Excipients Used in FDTs 

Dobetti* lias developed a formulation, using insoluble inorganic excipients as the 
main component for FDTs. According to the patent, disintegration of a tablet de- 
pends on the quantity of the disintegrate and insoluble inorganic excipient used. 

[he di eg it ilso depends t e i i s i i i et>i the wa1 

insolnbk .md ;ohmk ''mmkrm. ii tin w/mr- ■ Ud I. <. \< iph m , m. u ,ed. b w,)s ,d;o 

bund that in the mn tions fhcie r compression could be applied to form 
tablets with strong tensile strength and low frifi m Ibe • [^integration rates were 
not significantly affected by the high compression force. In the formulation, three 
major components were used: 

8 Substantially water insoluble components. This group includes water-insoluble 
i or uncoated), and water-insoluble 
tub: leant and glidant. The water-insoluble excipients include insoluble inorganic 
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salt (e.g., di~ or tri-basic calcium phosphate) or organic filler (e.g., microcrystal- 
line cellulose). 

- ? itialh ohible lomf-oo v(% i I u i 

n ts. svs it i jd 

• Disintegrants. Examples are maize starch or modified si arch, cross-linked 
polyvinylpyrrolidone, or sodium carboxymethylcellulose. 

The disintegration time increased as the amount ot insoluble component decreased. 
If the active ingredient ivm j I > j i i > ' ii < e di >in- 

tegration time could be optimized in in< hiding insoluble tillers (e.g., macrocrystalline 
cellulose and silicon dioxide) or by increasing the amount of insoluble inorganic 
\ ipi nt, v t _ , . Jcimn salt - J a ii , oil ium < i o i i 



3. Compaction and Subsequent Treatments 
a. 5ub//mat/on 

Hie slow dissolution ot the compressed tablet containing even highly water- soluble 
ingredients is due to the fact that the low porosity of the tablets reduces water 
penetration into the matrix. When volatile materials are compressed into tablets 
using the conventional method, they can be removed via sublimation, resulting in 
i porous structures. 'Ihe volatile materials include urea, ammonium carbonate, 

mnnommn >k riate. i < - hyien e; m e, nd c tnphoi Heinernanrr 
disclosed a p 'of c it } u I n i t v i i 

i« (in nit) \< f it K\ im- \ i k 1 1 1 veu I • ;u.-: : b^ j ! I i t > < 
volatile adjuvants. Roset . Id u c 1 Limn to rem. .vc dv v l .t _ materials. The 
full dissolution time was reduced from 10-15 minutes for the tablets formed from 
trehalose alone to less than 1 minute. In some cases, menthol, camphor, thymol, an 
organic acid such as adipic acid, and a lower fatty acid such as arachidic acid, capric 
acid, smihik acid, and \ aimhic i< id were med a> bne vol idle materials, 34 and the 
sublimation temperature ranged trom 40 to 60°C. 'fhe disintegration time in the 
human mouth was claimed to be about 25 seconds, 

f c' dii'd>>sod aiv Kkh! m^th-il-i aa ' \1 ,) ui^'\ ^'m ) n \ 
f ast-dissolving delivery devices. In this method menthol, a water-soluble, menthol- 
•> u t v i t i m 4 p ^ac t 1 are n\ 1 .d .i 1 i , <. t , in ores 

that the menthol is substantially molten. The formulation is disposed in a mold and 
solidified, and the menthol is sublimed from the solidified molded formulation. Pref- 
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erably, the solidification occurs at a temperature sufficient to provide a substantially 
amorphous menthol structure. 



b. Humidity Treatment 

Themech r a i i n m u i 1 t m i t t t tl 

ment, compared with the tablets before the treatment. The increase is known to be 
due to the formation of liquid bridges in the presence of moisture and then forma- 
tion ot olid bridv, i W s own in Figure 1, when solid panicles start 
to pick up moisture from the atmosphere, the water is adsorbed onto the surface 
(A), and theti water molecules form a film on it with the vapor pressure over the 
adsorbed moisture layer equal to Pb (B).'Ihe solid starts to dissolve into the adsorbed 
i< tut 1 m t ! t k i > ■ ,j yili'mu: i in i 1 < iJl 1 1 t< i 
decrease in the vapor pressure Pr, (C). The decrease in Pb is effectively offset by the 
increase in temperature ot the him j the i b caused bv the heat released on 
condensation of the water vapor. The moisture sorption occurs spontaneously, and 
the thickness of the condensate film grows as long as P a > P' D . 'Ihe solid continues 
':■ ■ dissolve m i sain rale iht i maim amine; t s. j ] m • ■'. . r d ; e lit ed 
moisture layer (Pb). After drying, a solid bridge is believed to occur and increase 
bonding between the particles (D). 

It is also known thai certain types ot sugar change from the amorphous to the 
crystalline state when their solution is spray dried or used as a binder soiti don , Farther 
, U ii have shown thai when an amoipiu o, _ i on- 1 u _ dmmgb 
the humidification and drying process, it changes to a crystalline state. This change 
increases the tablet strength substantially. JW7 Ihe conceptual process of structural 
changes of amorphous sucrose ro c; vstailine sucrose is shov, n in Pigure 2. 



Moisture Adsorbed 

condense moisture Substance 

. p f. dissolves 

^ jL/ * ,:fet P .. . P„ , 



"T" : " 



ABC D 

FIGURE 1 . A moisture sorption mode! explaining the increase mechanical strength of FDTs, 
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5= ' 



<£j : amorphous sucrose J 



FIGURE 2, A ni w .i.-i d<"> [:■•:;. ,j ::a ; -,, - !h E ll i, : ,: ; ,-ll,:tll d •/ transformation of aiTlOr- 

phous sucrose ;o crystalline sucrose upon storing under a certain relative humidity. (Adaptec; 
from Reference 36). 



In a patent by Mizumo to et al., 37 a drug, a sugar, and an amorphous sugar capable, 
of transforming f ro in no 1 - t . tailine state were mixed and compressed i nro 
tablets. After the tablets were formed, they were humidified and dried. The amount 
of the sugar in the formulation can be adjusted according to the drug content and 
tablet size. The "amorphous sugars" are those that can form an amorphous state by 
i pra\ - g. rt-eze drying, or other gi - ition methods. These amorphous sugars 
include glucose, he ^ j I t J i 1 Ik k itu 

i ■>•'•» > Ovl vc" I \ ihe i[ [ it " ' ' . J relative humidity of the mixture of 
a drug and, an amorphous sugat A relative humidin gre uer than or equal to the 
critical relative humidity of this mixture is chosen for the humidity condition. The 
adv.rntagc of using uuorpk ai si!pi;s is iliai ;he\ have low critical telathe humid- 
ity, so that they can absorb water evei at low moist! 1 I SI Dine forn 
o! the ;ng.us lm; diihculf, in anroth^..- aroniur.' ri • ; ^rpia ai. M asture .id y'Tplioi: 

transformation of the amorphous state to the crystalline state is irreversible. The 
sugars in crvstaliiue state have a high critical moisture point, so the strengthened 
tablets ire less susceptible to moisture. 

Lit . u ! use . \st JO r ii j U in; FDIs \ h ) Y d % > t- f nun 1 < 

pj es; include.! i ri ' no - s -.tep- ' 1 ^ ,u * ^ eh *c i-r t <\ . u I as a 
1 c ■> i ^ i tn ,rec: ents and other excipients, such as low- 

modability suga s; (2 u granules were then compressed into tablets; (3) the tablets 
were humidified at relative humidity of about 50-100%; and (4) the tablets were 
dried, '{he hardness of the tablet was about 0.5-12.0 kilopounds, and the in vivo 
ation time was claimed to be about 1—40 seconds. 
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Conventional compression ste ps 



Moisturizing Drying 
Additional steps 



FIGURE 3. Schematic view of ;he manufacturing apparatus using moisture treatment.-''' 
The left side of a dotted hue shows the conventional compression and dedusting steps, 
while the right side shows the additional step requiring special chambers for moisture 
treatment and drying. 



Tatara et al. 39 also used moisture treatment and devised an apparatus to 
handle the fragile tablets before moisture treatment. An active ingredient and 
other excipients were compressed in low pressure, and then the resultant tablets 
were moisturized and dried to produce a porosity between 20 and 40%. As shown 
gun the matin g >pararus includes a rotary punch-press, a relay 

conveyor for transferring tablets, ? m^MOichu l n i m section, and a 
delivery i umn- 1 r i 1 ' _ 1 < t t t t n < t 1 i 1 < m i 1 
moisturized u ^5 °C, ^''fi'-i 1 huu li ; v i. >r >- : 1 sr'- i 1 -. I I lc t i t ^ 

temperature was set to 50 °C for 60 seconds. With this apparatus the f ragile tablets 
before moistur ream 1 wer ge; ria erred; >ug ut the process. 



c. Sintering 

1 lg 1 i ! e; i A J > da ess that increased tablet streng >\ sin 

the tablet components at high temperatures and then resolidifying them at lower 

u } ! 1 ? u } 1 in 1 i ' i i inidiidc Ktik ^ 

agents, solvent ts A bulk agent in this formulation is used to provide 

bulk volume to the overall tablet, and suitable agents include carbohydrates, calcium 
carbonate, and magnesium carbonate. The suitable structure agents should provide 
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lb t _ t , _ is i Bull ^ 

ii il U ui 1 i ■] iflixtjrewas 

spray dried or dispersed to obtain a bead or granulated product with a low density 
'lit >. it i I 1 T 1 t. it v i I (. 

or granulated product upon drying. Solvents can be chosen from water, ethyl alcohol, 
isopropvi alcohol, or a mixture thereof. 

The binders need to melt at the sintering stage, form bonding among granules, 
and resolidid .= . the temperature of the final sintering or he ui , w i Bind- 
ers are watet --ol ddc pobnic! , s.^b a> \ \ v -tl be ghc > dP XI l"it a molecular 
weight of approximately 1000 to 1,000,000. PEG melts at 50-90 °C. PEG has the 
advantage o.i b.inctioniug both as ,i binder and as a capillary attracrant.The amount 
of binding polymer ranged from 0.5% to 25% of the weight of the final product. 

The binding agen ts and active ingredients can be introduced to the formulation 
in several ways. A binding agent and active ingredient can also be 1 blended to 
the spray-dried or dispersed granulated product. They can alternatively be dissolved 
into solvent with bulking agent and spray dried into granules. The granules are then 
lightly compressed to form tablets. These tablets are heated for a sufficient time 
and temperature to allow the binding agent to m. h. The be.ibns, step is intended 
to melt the binding agent to create intra-tablet bonds and help weld the product 
shape together. Typically, a laboratory oven is set at around 50— 100 °C. The heat- 
ing time ranges tiom v.- 4" mbcm dibe Undine' wcct, ne re;, ■lidibcd ts the 

IJ[[ l U U f I I r J r Ui 1 1' li I 1 > t f 

within 3-60 seconds. 

The heat treatment or sintering step in the patent improved the product s strength 
and durability. Bea mse trie ictha ingredient • an be introduced iiito the formula- 

■[■ 'U it; seven ai v, d \ I a ;tey : 1 ,i bug- tecl ■ !■■ ■! yd; be e.i -lb, 1 :H va p- n.iwb i ; w ; ; bo 

P'nncn \ 1 ^ in < t a j n -> 1 i < 

I 5 ! iut t 1 III i Uc 

e to it careful attend ho be give h 3 process. 
Tht dv.miagcs and 1 i _ < K i < _ 1 i i 

e 1 ^ t II i i. ^ } r 1 i 

and development of FDTs. 



IV. FDT FORMULATION EXAMPLES 

Because the direct compression is most desirable in terms of producing FDTs with 
high mechanical strength, ease of manufacturing, and low cost, currently available 
FDT formulations using direct compression are described in detail. 
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TABLE 3. Comparison of Technologies for Preparing FDTs 



Technology 


Advantages 


Disadvantages 


Freeze drying 


Immediate dissolution (2-10 s) 


Very poor physical resistance 
High cost of production 
Sensitive to humidity 
Low dose of water-soluble drugs 


Molding 


Very rapid dissolution ([>-'! 5 s) 
High dose 


High cost of production 
Weak mechanical strength 
i«i j - i -nisi ^ nil ly 


Tabieting 
(standard) 


Low cost of production 
Use of standard equipment/ 
materials 
High dose 

Good physical resistance 


Significant effects of the size 
and hardness of the tablets on 
disintegration property 


Tabieting 
(effervescent) 


Use of standard equipment 
High dose 

Good physical resistance 
Pleasant effervescent mouth feel 


Operating in controlled low 
humidity 

Need of totally impermeable 
blister 


Tabieting 
(Humidity 
Treatment) 


Good physical resistance 
Pleasant mouth feel 


Extra equipments for 
humidification and drying 
Possible limitations in stability 
High cost of production 
Not suitable for moisture 

I ji fore humidity 
treatment 


Tabieting 
(sublimation) 


< if < J [ ! .I. < 


l< \, 1 -|UW^t, 

Extra equipments foi h< sting 
Not applicable to volatile and 



!V.A. OraSolv* and DuraSoSv® Technology 

Ot ' K Id c > A ' ! i b" ' r 1 " 11 ; ^ ^ - '< ^ ' /up^-ss ■■■■ pn. un, ' L1 ' 
It uses an effervescent disintegration pair that releases gas upon contact with water. 
The widely used effervescent disintegration pairs usually include an acid source 

turn ark- acid, adipjc add, and succinic acids. The carbonate sources include sodium 
bicarbonate, sodium carbonate, potassium bicarbonate, and potassium carbonate. 
The carbon dioxide evolved from the reaction may provide some "fizzing" sensation, 
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j ptic sensation. The amount of eii ^vat a^f p t i £ i , 

gen eral about 20-25% of the total weight of the tablet. 

Because of the soft and fragile nature of OraSolv® tablets, a special packaging 
< 11 < i 111 i^ d 

during transport and storage. 41 PakSoiv is a "dome- shaped" blister package that 
prevents the vertical movement of the tablet within the depressions, because the 
diameter of the lower portion of the dome is too narrow to accommodate the tablet. 
PakSoiv® also offers light, moisture, and child resistance. 

As a second-gene i 1 < n< i Pu -« > i < r < was devel- 

oped by Ciba to provide stronger tablets for packaging in blisters or bottles. 44 
lb i i i ; i ih ' d i 1 n f i i ni 1 

lubricant The particle size of the nondirect compression filler is preferably be- 
tween about 20 and 65 um, while for direct compressible fillers at least 85% of 
the particles are over 100 um in size. These nondirect compression fillers, such 
as dextrose, mannitol, sorbitol, lactose, arid suen > ;e, ha\ e the aci\ antage ot quick 
dissolution and avoid some of the gritty or sandy texture visually present in di- 
rect compressible versions of the sugar The amount of a nondirect compression 
filler is usually about 60-95% of the total tablet weight. The tablets have low 
friability, which is about 2% or less when tested according to the LISP, and the 
hardness of the tablets is at least about 15-20 N.The disintegration time is less 
than 60 seconds. 

It is interesting to note that in comparison with the conventional tablet 
formulations, higher amounts of hydrophobic lubricants, such as magnesium 
e i ' i 1 ) ni < i 1 nop 5si n tile is 

the main component. About 1-2.5% of lubricant can be added to the formula- 
tion, compared with 0.2-1% of lubricant in conventional tablets. The lubricant 
blending times can also be increased to 10-25 minutes or longer. Relatively mod- 
es! ■nunpre^n'c ten, b needed ro ~i uiprc-s the i ■ ■rm ul,i iion Fins method can 
i l b v. tl i i. i i n b - 1 i n i n i 

methodologies and conventional package equipment. Thus, the production cost 
is significantly decreased. 

W.K WOWTAB® Technology 

>. 1 •> ^ nrp' \- . b J i i cf low- and high-m.oldabiiitv 

;M' g-roup--: ^ 1 logh b t> r and those with low mold ability. Low- 

moldability saccharides produce tablets with hardness between 0 and 2 kg, when 
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150 nig of such a saccharide is compressed under pressure of 10-50 kg/cm 2 using 
,1 die H n in bbuuler. "ih . uoi' 1 1 J ti .'■ ii , i \ 1m; ';.]■■ . inchoh | 
mannitol, glucose, sucrose, and xylitoi. High- moldabilhv saccharides produce 
i v v I ■> * " kg when prepared under the identical conditions. 

The typical high-moldability saccharides are maltose, maltiiol, sorbitol, and oli- 
gosaccharides. 

When tablets are made bv compressing a saccharide having low mold ability 
or high moldability alone, the desired properties of adequate hardness and quick 
disintegration in the mouth cannot be achieved simultaneously. Moreover, if 
i o j in i t5 I i1 i u 1 ) 1 il t n t. 1 (p i 

mixture) beio k i u ^ i n tion and dissolution in the mouth 
cannot be obtained. As clearly indicated in the patents, there is no single sac- 
charide that can make tablets having both high strength and fast disintegr ition 
properties. For this reason, a saccharide having low rnoldabiiiry was granulated 
with a saccharide having high moldability as a binder. The low-moldabiiity sac- 
charides were used as the main component. Tablets made by compression of these 
granules were further treated under moisture condition as described in Figure 3. 
The tablets show an adequate hardness and fast disintegration and dissolution 
when put in the mouth. 

!V.C Flashtab® Technology 

Flashtab® technology (Kthypbarm, France) produces tablets by compression 
of granular excipients. 46 This technology uses almost the same excipients as do 
conventional >raj > li It It used in ti 1 chm ogy comprise 

two groups ot c u 1 n ? t u c t u h i. • i L n^thvcellu- 
lose or insoluble reticulated polyvinylpyrrolidone; and swelling agents, such as 
carboxymerhylcellulose, starch, modified starch, carb ox 1 , 7 methylated starch, ma- 
crocrystalline cellulose, and possibly directly compressible sugars. The mixture of 
excipients is prepared by either dry or wet granulation tnerhods. The produced 
tablets are known to have satisfactory physical resistance and disintegrate in the 
mouth within 1 minute. 



IV.D. AdvaTab™ Technology 

Vdva7ab m chnolog) (1 mu I pj luces FDT tablets based on a proprietary 
tablet composition that was designed and patented by Kyowa Hakko Kogyo 
(Tokyo, Japan), 47 ' 4 * in which the lubrication is dispensed onto each tablet by 'using 
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a spray during the production process. Traditional tablets are produced using an 
i mil 1 I 1 i n u j c i 1 i i i 

1 ie t a h Ti it id t.ib!c» a luiu "1 strength. AdvaTab™ is 

produced using 10-30 rimes less hydrophobic lubricani and can be 30-409« strongs 
than conventional tablets. As a result, the tablets are hard and durable yet do not 
impede liquid entry upon contact with saliva. AdvaTab™ can handle high drug 
loading and coated drug particles. Importantly, the technology does not require 
specialty packaging and, as a result, can be packaged in both standard bottles and 
push-through blisters. 

IV.E. Dispersible Tablet Technology 

f v ^ 0 \lt_l 1 1 1 I } He ! < | ! I jc 1 I i r .1^ - i \ 

1 t ^ i H ' 1 ] it 1 ^Jl n j n 

contact with 'water at room temperature. Dihydroergotoxine is poorly soluble in 
n i! ( m in t ! ) \ in } >. i i tiii t < \< 

methanesulphonate was observed with dispersible tablets containing 0.8-10%, 
• ' f j . > ^ J , ( .11 it) i ■. Otu ( t jc c , .i c - 

in the cimetidine formulation was a disintegrating agent. It provides rapid swelling 
and/or good wetting caj ibilit) to the tablets and thereby a quick disintegration. 
The disintegrating agents n i< 1 tarch or mc i e c c ystalline cel- 

ittlose, alginic t 1 cross-jinked sodium carboxvuiethyl cellulose, and eveiodextrin 
poht) ( - \ < out! it) J < i )i -< , _) i_ 1 it 

disintegration results. 

IV.F. Pharmabursi™ Technobgy 

Pharmaburst technology™ (SP1 Pharma, New Castle, Delaware) uses off-the- 
shelf coprocessed excipients to create an FDT that, depending on the type of 
active ingredient and loading (up to 700 mg), dissolves within 30-40 seconds. 
The quantity o; Pbarmabnrst m required in a formulation depends on the active 
ingredient in the tablet. It is necessary to carry out initial studies on a formula- 
tion b\ vanim: due .unburn Pb irttuibi o;t 1 trom V' ^i'*. > jet -:ti Jii : ;j -n 
the desired mouth feel arte: disintegration time. The process involves a dry blend 
of a drug, flavor, and lubricant that are compressed into tablets on a standard 
tablet press with stock tooling. The manufacture process can be carried out under 
normal temperature and humamrv conditions. Trie tablets can be packaged in 
blister packs or bottle. 15 
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IV.G. Frosta® Technology 

lit core concept or Prosta® m is compressing highly } i c granules 

a! low pti. , UK t pr. heoe ] n s j j ^ ^ i [i.^ hiehh ft 

granules comprise three classes ot components: a porous aud plastic material, a 
water penetration enhancer, and a binder. The highly plastic granules can then be 

•■ ■Hip-R"' 0(i al \'r-\ pu " ore b ■ :■ -no .= bo ; --] in J b I m ph.or ; cu1 k .J 1al 'k 1 . A pen 'in. 

plastic material is water soluble or water dispersible, sometimes almost instantaneously 
upon < out 1 < j i 1 ii [ itii i v 

chance of the inter particle contacts necessary ro ] bonds between particles, ft 
a porous and >' 1 m.nedsi i p. i 1 1 u h njil ^ ,i viuil vi i ton of 
a vjso-u: lavet ot list- materia] a. tin 1.;bk"1 surhme when h dissolves ir : aqueous 
medium. One way of making such tablets is to mix porous, plastic material with a 
water penetration enhancer at certain ratios. Tn this process, the porous and plastic 
particles are separated h ' tu } n 1 j . , -s j k t 

formation of a viscous layer on the table: surface. Although the porous and plastic 
materials can make close contacts to increase the chance of bonding by compression, 
formation of really strong bonding among granules at low pressures requires a suitable 
binder. The binder here can also secure the porous material and water penetration 
enhancer during granulation. These two components can be easily segregated during 

tg -e u1 1 11 mill 1 Jo - 0 ! i 1 

nit un 1 t 1 1 } n u u i i v. On 11 u 1 

achieving this is to use aqueous binder solutions with very low water activity. The 
i i gt n t | | FDT it i \ lent c tn fast 

disintegration time ranging from several seconds to about 30 seconds, depending 
on the size of the tablets. 



W.H. SEM Pictures of FDTs Prepared by Direct Compressions 

1 I I ; ^e , , i i m C < - li-onlegrne or melt m the n ul \ tn 1 the 

, it in n ^ m nci - --c t in i 1 t 

size of FDTs and the preparation method. Figure 4 shows S blJN 1 pictim ot sc \ era] 
> 1 i \ t i i 111}! icture of 

Claritin® RediTabs® prepared by freeze drying. This is a typical freeze-dried struc- 
ture thai t.o: usuh in imirudi m Ji hiiojp Jieo oj j'i ii. h'hic; othhc tabic; -n the 
i u t ^ e < c ie -n frag xf Figure 

IB si ws n :x st.tuctu.ti > \ cce : v; .v< ik its - efterve: enr ra < m 
f ■ >ratadine. It is made ! a direct compression, and so the structure is much differ- 
ent front that prepared by freeze drying. Figure 4C shows an inner structure of a 
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Benadryl® Fastmelt™, which used WOVVTAB® technology. Compared with Figure 
4 A, the porosity of rablers prepared i ■} direct o •rapression is much lower, but the 
it ii t5 higher. Figure 4D shorn a t t Frosta tablet 

111 ' Jill ^ \/ i 1 U 1 ' 1,1 , V , , 

compressed to u t I \ I ml t e re are empty spaces between 

granules where water can be absorbed by capillary force. The granules are the n easiiv 
di ,,i •■ i UeJ. I the lie tablet melts to form a paste thai is easv ro swallow. Figure 
4 shows that FDTs prepared by direct compression can have porous structures made 
of granules, and the « n t f i r ^ i hort as a result of fast absorp- 

tion of water by capillary force. 



V. TASTE MASKING 

It is estimated that there are about 10,000 taste buds on the tongue, roof of the 
mouth, cheeks, and throat, and each bud has 60-100 receptor cells. These receptor 
cells interact with molecules dissolved in the saliva and produce a positive or nega- 
tive taste sensation. Many drugs are unpalatable and unattractive in their natural 
state. Physiological and physicochemical approaches have been used to prevent 
drugs from intei icting with t iste buds, and thus to eliminate or reduce negative 
sensory response. 51 

After FDTs disintegrate/dissolve in the saliva, the drug in FDTs remains in the 
oral n y until i t < If the drug h x bittc 1 stc 1 ste masking ; criti- 

cally important in the formulation for maximal patient accept rbiih\ e urrent taste 
\ s i»IOT,i ^ ^ n]„ < t _ In i 1 ( ( ^ 

1 ^ it u 1 t h mropart granules. 



V,A, Addition of Sweeteners and Flavors 

Sugar-based excipients have a negative heat of dissol ^ - 1 lve q 
and provide i i io t 1 g < ' masking to the hi d product. s 

Most of the product tusc id of excipient to give pleasant mouth 

feeling. WOWTAR® used the so-called "smoofhmeit action" of sugar and sugar- 
like '£ „ t excipients/" The Zydis® dosage form also rises sweeteners 
flavors to mask an unpleasant taste. 3 In the NuLev® DuraSolv® tablet, the low dose 
of hyoscy amine sulfate was sufficiently taste-masked by incorporating a sweetener 
and a flavor. 51 Flosses and small spheres of saccharides containing unpleasant drugs 
were mixed with sweeteners and flavors to provide taste masking. 3 "' 53 



459 



Begell House Inc., http://begellhouse.com Downloaded 2010-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



Y.FU ET AL. 



V.B. Adjustment of pH Values 

?v!a drugs a 4 il 'i 111' . the pH value ot the noutJ 
n>. > 1 n ' " v ' .) ^ < K ui>iii v v 'h ^olubilized to be available to caste 
if the equilibrium concentration is beiow the taste threshold. 54 After a solubilization 
ii i r^ un bo ate. sodium hydroxide, or cal- 
cium >\::b:>na".. v\. , .dded i ? 1 1 _ H _ i 

sildenafil — dissolved in aqueous medium, the bitter taste of the drug was successfully 
masked by a sweetener alone. 5:1 

VX. Coating or Encapsulation of Unpleasant Drugs 

In : 3 ik in I m t t ts a s ui ia:kbi;1er dt 

so alternative methods of taste masking need to be employed. Frequently, the bit- 
ter-tasting drug powder is tf J 1 1 3 1 I id v Ut 1 U j 1 t ill t o ^ 
of the drug. This allows time for all of the particles to be swallowed before the 
taste is perceived in the mouth. 54 When using a coating or encapsulation for taste 
i k a, ' ul n a, t < ut r 1 i 1 tlii) i 
bitter-tasting drug. It is important that the coating remain intact while the dosage 
form is in the mouth, 

Hie process of Miorocsps' ihuruuba aisobascdon i microem apsnlatioa tcch- 

I r > > > 1 I il 1 > 

»t> m. h u 5(1 1 u i > ^ >. i il k >\ (in apn 

< v. -> ^ n i i ul n i wu 

clayed o o; rol.k ek ;e applic tions. in addition to ; ; nask g. The typical 
size of: microcapsule is 0.2-0.8 mm. j6 '" :,s The bitter taste ot Linezolid was masked 
by ,i o •inbiii.it; on o; nucn .enc apsuj iti; n 1 y o >acer\ a don arid sub ;equc-:nl tunctionai 
membrane coating on the microcapsules wsti ■ leu. ir ;gi; i . > >D. * So > ill parti- les aah 

s crystal 1 i >e.rsi ethacryl 

acid and methacrylic ester copolymers (Eudragit RL SOD, RS SOD, L 30 D-55, and 
i\E >( L v f^t, • y. v ^ i d ^mr a d in o FDTs. 60 The FDTs containing the 
tas te-masked granules of pirenzepine HC1 or oxybutynin HC1 were prepared by 

1 3th all Ik 11 1 i l c [ 

die extrusion method. 61 Taste-masked knm^iuuc iek\i e mu nxb powders were 
formed by spray drying the drua, .n;d t i > opek met."' 

Cima's taste-masking technology also uses coating of the active ingredient with 

taste." '' Taste- masked microcapsules were prepared by a phase separation approach. 
First a polymeric material (water-insoluble) for microencapsulation of the drug is 
r organ c solvent with a second polymeric material that pro- 
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ru< j - oh . i r I'^^l'btDtAri . i] m • . j t a temperature where both 

p< lymc rs dissolve. A 1 e is lowered i t j coating 

layer oo the drug by phase separation, and a dispersion of microencapsulated drug is 
p-vd, < id. :\;n-r icm- a ing t ^ ni ,o : d K ^ aid pohuieiK initeri.d irom the 
dispersion 1 >. 1 >. in k-x - ' !• ' • .>•! ~- were obtained. 64 The mouth teei of 
OraSolv® tablets is different from that of most other orally disintegrating tablets, 
because of the presence of an effervescent couple comprising an acidic compound 
and a carbonate or bicarbonate salt. 

In Micro M si p I \ u i It in .n unprepared 

by casting or spb ilin , t ; >ns. <. > - tions of a drug in a molten 

blend o: m i 1 c \ ^ t n 0 i iJ i i! in . n t 

50-200 °C. 'Hie taste masking process does not use solvents of any kind, and there- 
fore leads to faster and more efficient production. 65 Bite-dispersion tablets were 

e sing a wax> i uo i u " \u n of fatty act ri 

and/or waxes (e.g., Witepsol H32) contributed to taste masking of drugs having 
an irritating taste. 67 When an acth e ingredient, such as acetaminophen, has a bitter 
taste, it can be encapsulated in a material such as partially hvd rogenated cottonseed 
oil, corn oil, flavored oil, zein (corn protein), cellulose, or candied sugar. Encapsula- 
tion with one or more of these materials has been found to enhance the palat -ability 
of acetaminophen while the tablet is dissolving in the mouth. Hie tablet may also 
contain a flavor enhancer that further masks the taste of the drug/ 1 A taste-mask- 
ing composition composed of clove oil and either supportive flavor components or 

i . i i -> >. t ui I i > j I 

active ingredients in formulations Intended to be chewed or dissolve in the mouth 
prior to ingestion. 68 

Flashtab® technology*"' involves the use of coated multiparticles of active ingre- 

v. 1 I i. " R H I xlil ' l ! in I 111 t R 

drugs cm af.o he u; ed i U xi : : > i .-. :, i I f i tf |i 

.ui ] i i nib,) 5 ti it 

can be used for taste masking, because the coating techniques should remain the 
same. Prevacid®SoluTah™ (TAP Pharmaceutical) is a lansoprazole delayed-release 
FDT for treatment and pi" e an c t restive ^ei La omeprazole is an acid- 
labile drug and needs to be croud wuh ennrh u;v.. , t< gn.wni in relets.- in ihe 
stomach. First, lansoprazole, a basic inorganic salt, and additives were granulated 
b:i- • ho i : ; i mules with an .ore; a-.-. ; usv le ■ ti mu no le^ ; han -+i « 1 \r.:\. ov end, the 
fine granules wei coated « ustaine 1 iq 5. Third stained release 



ere: core, active compound layer, intermediate layer, first enteric layer, second enteric 

] e enteric-coated microgranules 
have the multiple functions of reducing the damage to the enteric layer during 
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the compression process , improving the stability of lansoprazole, and masking the 
unpic is mi bil er taste. :J,7J The e c 1 J z g 

e ^ 1 \ i^i i)t^ Minake the final product. 

In addition to coating I t u nnph ->> x 

with i 1 Bi'ii ; -w 'i t in nirhout the conventional complex 
• nm '.j'li was shown to be effective in masking the unpleasant-tasting active in- 
gredients; in FDTs. 74 



VI. DETERMINATION OF DISINTEGRATION TIME Of FDTS 

FDTs should be strong enough to survive rough handling during manufacturing and 
Hp) ind vel in u, t h > x v , int< 

smrll past i. es, jot ill c i * nl f ation tests 

for ordinary tablets may not allow precise measurement of the disintegration time 
of FDTs because of their fast d isintegration. It is also hard to distinguish among 
FDTs, which release their ingredients very quickly. In vitro testing may not always 
[ i ! i R.d in vivo ■ hit n iti ■): < ill 
In general, the method described in the US Pharmacopoeia can produce data 
for evaluation of the disintegration time; however, no addition J inf irm ii i< m might 

1 - \t' C 11 ll I ^ 11 11 v. H 1 ( 1 ll 11) e 1 Is. 

I , ^ v n i i \ •", ■, dv ■.- r- ii > f i 1 ' 

When developing FDT formulations, it is important to evaluate the effect of differ- 
ent excipients on the disintegration time. In order to predict the disintegration time 
of FDTs nd the effec < 1 H > to 1 n parameters, a few nethods have 
been proposed s ] i i T t " ^ i i I thod to bette distinguish 
1x1 wet ) e .hints. hi nil 1 i i iii 1 P 1 m 1 t 

between in vitro and in vivo data. To achieve this goal, a modified dissolution ap- 
paratus was applied to FDTs with disintegration times too fast to distinguish the 
differences between the tablets when thee; nverrtional method; were used.' 4 



VILA. In Vivo Determination of Disintegration Time 

In \i\(. disintegration tests of FDTs. can be conducted on volunteers who are usu- 
ally randomized to receive the treatments and then directed to clean their mouths 

measured by immediately starting a stopwatch. Tie volunteers are allowed to move 
' i against the upper roof of the mouth with their tongue and to cause a gentle 
ru mbJing action on the tablet without biting on it or tumbling it from side to side. 



.102 



Begell House Inc., http://begellhouse.com Downloaded 201 0-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



op \] , > ^ i ;> \ t . s 



Immediately after the last noticeable granule has disintegrated, the stopwatch is 
, ■! "> i .Ov i K t k rec> m i 

VLB. In Vitro Determination of Disintegration Time 

1 . Modified US Pharmacopoeia Method 

hi -tew I ■ >i in. the dhmiegr.umr ; described in the LTS Pharmacopoeia, a. 

modified method has hoc;: propped. ' The i : ti- mi appn.i'm « a; the 

as -li t ? diss, j : te 1 ; . \[ " ; ',i i U ■ : 1 „. nb' : . b u es .) ; \n i< I i o ; ; Irri v. elomen t an< i 
1000-mLejhu lik \ -ssb i; I !).'• ' v v itt - w a, bo ,c n -o- tlr dt< integration 
medium instead of a buffer solution. A tablet to be tested was put on the bottom 
of a sinker, wind) v,, ; ;pl.kcd in the mid. Ik oi tin vccl md hang by a imok to 'be 
lid of the vessel with a distance of 6-8.5 cm. Disintegration time was determined 
at the point at which the tablet disintegrated and passed through the screen of the 
sinker completely. The opening of mesh ot the sinker was 3-3.5 mm in height and 
3.5-4 mm in width. 



2. Texture Analyzer Method 

Hie Texture Analyzer (Stable Micro Systems, LT.K.) was applied to measure the 
b .jnnuu, n h _ i ^ i 1 t i i i J 1 

torn of a probe, which was attached to the load cell with a very thin layer of glue 
or double-sided tape. A small amount of water, usually 0.4 mL, in a beaker or petri 
dish was used as a disintegration medium at room temperature. Ihe tablet was 
submerged in mate: and cmnpu--ed .igain : 'hebottcm ■ ■'■ d ie bos i'cr < a y,<. ; ;i di di 
^ j 1 a m-mmm pressme. 1 i Ksket : '/e omit be varied, n 1 rive civ el e\cn 
be a water bath to keep the temperature constant. Ihe instrument was programmed 
ro apply a moderate force tor up to 60 seconds so that the penetration distance 
could be measured as the tablet was compressed while submerged in the water. 'Ihe 
probe 'hstnve n. aid Iv ;nadv .a- die tablet remained cob.. >'<■■?. 1 lewe^ei, .:s ' he 
'aide' d)sin:egmtcd, the- nuip-mii-a] .hmnmet merer '-d.be' .a: e the pn .he had to 
keep ihe m m : m c m m 1 r time nu ! a I J :■• o > m^ ' o -. 1 ' * v 
by measuring the distance the probe traveled into the tablet Typical time-distance 
profiles generated by the Texture Analyzer software enabled the calculation of be- 
ginning and ending < •! disintegrati <n time. 

El-Arini and Clas' 9 performed the in vitro disintegration test of commercially 
available FDTs bv the Texture Analyzer instrument The differences in the disin- 
tegration mechanisms of the FDTs, which derived from the formulation and/or 
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urtrg rro^e^ m ere reflected in the shape of their disintegration profiles. 
Moreover, the in virro disintegration times ob raj tied by the simulated in vivo condi- 
tions were correlated with the reported in vivo disintegration times. 

3. CCD Camera Method 

Hie CCD camera apparatus comprises two distinct sections — a disintegration 
coinpo nj nut' ' mode ol mem mvoh 

continuous acquisition o.t pictures hv the CCD camera to record the time course 
of disin; 

puter and stored. The key point of this apparatus is to combine the derailed pictures 
obtained by the CCD camera. 

The disintegration apparatus consists of a plastic cell partitioned into two parts: 
one component comprises an inner tank containing a stirring bar, a grid fabricated 
from stainless-steel, ii t u t i ill i 11 iL,37±2°C); 

the second component is as , ute; ' 1 1 rhermostated water The grid is constructed 
of three hollow areas equidistant from the center. These hollow points represent the 
position of the tablets, and a support is added tor each tablet to avoid movement 
during the disintegration test. 

Hie CCD camera method permits documentation of the disintegration time 
course with sequentially obtained pictures. The computer enables calculation of the 
surface area of each table; at any time point, as well as the design of graphs that 
show decrease in die tablet surface area as a function of time. Hie disintegration 
time and the area under the curve can be calculated from these graphs as qualita- 
tive pat mi ters that can be con i to the o gt Conseq J 
results depend on the direction ind local kng>h " ; dv: ■■. a mora relative to the tablet. 
The disadvantage of the method involves difficult y associated with the application 
1 m 1 i t n i k ] i i in t r t 
s, whic i ir for t civo di i 

4. Rotary-Shaft Method 

v t 1 n nt •) * * J ^ I jt u u ml i j 

mout N i d d '1 1 i _ t n a > FDT 1 

method, the FDT is placed on stainless steel wire gauze, which is slightly immersed 
in test med tun in H i i > t > J n l H n 1 m c 1 ess to the 

tablet by means of its rotation and weight. The critical parameters of this method are 
the rotation speed and i he mt ch mical stress. To assess our method, several placebo 
FDTs were prepared and exposed to severe storage conditions (60°C/75% RH for 
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1 week) in order to obtain FDTs with a wide range of disintegration times. These 
placebo FDTs were used to compare the disintegration times obtained by several 
methods, in. indin / ha- j r> >p *ved rotar. - ahali method Else ii anregration time of the 
olu - •<■ FDTs in human ^ 1 m 1 \ i mi ii 

ti > ^ t i nn d n * n ni i „ J , • * .• -ti on test were in good correlation 

nn r 1 r 1 b i m[ I b i ^ 

no . l lit 1 It n tin bb in: _t a ai t k i h DTl- in the i nn i n r 1 S 
and those determined by the conventional dissolution test. In contrast, a good cor- 
t > f 1 on the disintegration times was obtained with the new rotary-shaft 
method and the human sensor}" rest, and the slope was 0.858, very close to 1. It was 
nl j i > > 1 i t n t j i 1 t 1 ' i ,i trement 

of the disintegration time of FDTs. This new method might: provide a valuable ap- 
proach for establishing the official disintegration test for FDTs in the future. 

5. Sieve Method 

A simple device based on a shaking water bath was designed to measure the dis- 
integration, time of FDTs. 51 The device is composed of a 10-mesh sieve and a glass 
cylinder. The sieve is placed into the cylinder at a certain position so that 2 mL of 
disintegration medium fills the space below the sieve of the cylinder. Then, 1 mL of 
the medium is added imo i he H i e I i an I , t be 1 

The device is in a reciprocal shaking w .iter bath kept at a constant temperature of 
3 7 "C. While the shaker is running in horizontal back-and-fbrrh motions with 150 
rpm, an FDT is placed onto the top of the sieve immersed in the disintegration 

j] 1 Df ti i {■'■ >r db v h.-es, an 

the tin it whicl ie particle the table! In II i h 

del i inn 1 i i i II m it > in in ju.i 

st. .gwst. h, md 1 hn. .jun h :ne:h. ,d ;j,hvs rep;, ■■ iu.bhie d ita \ \ on no highly u-v.-tul in 
screening various formulations and testing many formulation variables. 



VII. CLISMfCAL AfMD PHARMACOKINETIC STUDIES 

The behavior of oral FDTs in the orai-esophageal tract, their pharmacokinetic and 
therapeutic efficacy, and their acceptability were investigated in in vivo studies. The 
investigation n ntna, a,amms-o .bmi.o\ipby ; ia -nasi ihu tin db.solmb.u md buccal 
clearance of oral fast-d cosage forms was rapid. 82 The esophageal transit 

time and stomach emptying time were comparable to those of traditional tablets, 
capsules, or liquid forms. 83,84 
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ViLA. improved Patient Compliance and Patient Convenience 

FDTs are easily administrated even without water, and t '^:\\; nt «.ooipJi 

ance and patient convenience, FDTs overcome genuins swallowing problems and 

nt o il l 1 i it 1 K v. t 

potentially reducing confrontations with medical staff and improving medica- 
tion i b t un i 1 t 1 i v | ] s 
Zolmitriptan FDTs were an eff ective and convenient alternative to a conventional 

ioli t, ill 11 1 1 i it 11 I 1 X 

can facilitate earlier treatment. 5 "''*'' The FDT formulation of olanzapine, Zyprexa® 
/m i l , 1 i j oo medr l1 t f l v. m i 1, ill. ■ifx.mph- 

ant patients. 90 

ViLB. Enhanced Pregastric Absorption and Rapid Onset of Action 

It has been found that FDTs can promote pregastric absorption of the active ingre- 
dients through buccal, sublingual, oropharyngeal, and esophageal membranes. Thus, 
FDTs can provide a rapid onset rime of action required for patients, especially for 
those undergoing surgery and migraine. Piroxicam is known to be absorbed from 

il n 1 1 1 1 1 ii i It i ne posti 1 

pain control during the early postoperative period,* 2 the treatment of patients with 
acute 1 s 1ii ti i u ii i i 

colic treatment 95 because of its quick onset, long duration, low side effects, and high 
toleration. Acetylsalicylic acid from an FDT was absorbed faster than from plain 
tablets, and yet the two formulation? were bioequivaienf with regard to absorption 
extent. '" No statistical difference in v~ and ADC -,■ between the acetaminophen 
FDT and the conventional tablet was observed. However, t,,,., v (15 min! or the 
FDT was significantly {p< 0.05) shorter than that of the conventional tablet (130 
min). The same value of t max between the FDT and the solution was observed. 
Rapid disintegration, of the tablets obviously influences the pharmacokinetics of 
the drug. 97 The absorption rate of the acetaminophen Flashtah® was higher than 
that of the brand leader, while having the same bioavailability 98 A faster onset of 
action of treatment with mirtazapine FDTs was observed compared to selective 
ton uvp: ike iHubie r :r'ii:rcr!, 1 " With n.p.ud tc e in he.ij.vh,., 

concomitant autonomic symptoms, rapid onset of effect, and acceptance, the FDT 
triptan formulation represents real competition with the other triptans in the usual 

he acid excipients in the FD'3 formulation 
to prevent the decrease in pH of the saliva, which is believed to reduce the over- 
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1} -> } 1 v, r i} i j c jastro-intestinal 

tract. 101 The AUC for j 0 mg apo morphine FDTs was 4.36 times higher than that 
i i it i v. apsule. These results indi- 

i i f s !i i 1 j j ] t i 1 ) < 1 bee J inn 

the mouth because, when the same formulation was encapsulated (which would 
nt u i i 1 ] unl i r morphine detected in plasma was 

significanrlv reduced. In many cases, FDTs proiriore pregastiic absorption of the 
active ingredient. Dopamine agonists absorbed pregastricaily pass straight into the 

( tr l 1 1 1 -Heidlng tHsi-p.i- t I i 11 ! >i 

VII.C. Increased Bioavailability 

hi.-r._M v.-d bimn lilabwn and 'bdo~ifn>-: redw don *\erc observed when the drug; 
with marked first- pass hepatic metabolism were absorbed through the buccal and 

I 111 I 1 ) 1 1 111! i Hi 1 r >. 

bioavailability and improved patient compliance were observed in Lyoc® formula- 
tions for various drugs such as phlorogiucinold 02 ' 303 giafenine, 104 spironolactone, 103 
and propyphenazone. 102 ' 104 Zydis® selegiline can be rapidly absorbed through the 
oral mucosa (about 3 mg in 1 min). Selegiline bioavailability for Zydis® selegiline 
increased 13-told compared with 1 il conventional 1 [i 1 at the dose 

i I ,t 1 h. t * ^ . - i ill! n it 1 i 1 / li 

selegiline 1,25 mg yielded similar plasma concentrations o: selegiline and degree i 
monoamine oxidase type B (MAG-B) inhibition to conventional 10 mg selegiline 
tablets but markedly reduced concentrations of the principal metabolites. Thus, the 
q h h \b \ 1 ^ c m / ^ hne 1 . ; 

mg, which is associated with lower concentrations o.t potentially harmiui metabolites, 
could obci a siier ad nam p : . inPibh Oe.unnw m dn r:i ; n.:''aoiii W 
with Parks i <. e i-; l "' innn i hi ^ -> e i n i J j t 1 hnrrhigh 
i nt / h 1 1 25 mg and 10 

mg was then upeuticailv equivaieni ro • conventional 10 mg selegiline tablets. 105 An 
th u i lie < i < a dec / -.eh'.dnne - ateh [ednced daily off time 

s ed a mi ipv <\id 1 in I 1 id 

] m i dli[ > } > ^ t { w k noil : 11 "> was 

dispersed in w,i < ns i 1 i w v 1 ' :> ' i i j i - 

zole area under the plasma concentration (.AUC) and C max . 108 The bioavailability 
or lansoprazole FDT was comparable to capsules, and thus the indications and 
recommended dosages for the FDT were identical to the capsules. 7 ^ 

The suitability of FDTs for long-term therapy was assessed. Lyoc® formulations 
cont wdv tested in patients w 
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terns. 1 " 9 In vitro release of rdcorandil from the FDTs containing the dry emulsions 
was sustained ox er 6 hour;;, wl hie thai from plain PD f; and o miinen : rl tablets was 

••• 'inglefc V ithu; " mimU: . hi) f UUitK, d: \- emuh.im .] ,. .t . UJijlaf AUC, 

^ Ill ] > 1 ; UK 111 ,1 1 1 

in beagle dogs. These resuK >u >1 tlu* the dry emuisfon -loaded FDTs could be 
used to improve the sustained-release property of active drugs. 110 



VIII. FUTURE RESEARCH TRENDS IN FDTS 

Although the FDT area has passed its infancy, as shown by a large number of com- 
mercial products on the market (as listed in Table 2), there are still many aspects 

o i 1 • • ia k 1 j n 1 1 i ^ m'h FDT technologies, 

formulation of hydrophobic druus h t a ih.dlcpge, { . » when the amount 
of drug is high. Hie low dose drugs, such as Loratadine with 10 mg dose, pose little 
|i uli i ' 1 as 1 I e . the >n i u t t iw t t Ji -i iuen- rat- 

ing property. A new technology is being developed to incorporate higher doses of 

n - ) I 1 u_, * u1 1 1 1 t „t } i iy. 

The disintegration times of most FDTs on the market are acceptable — i.e., less than 
60 secorn — •> i th i i inn b ( < t i - 

tion time is related to other formulation variables, a balance has to be maintained 
I v , ^ -> ,n 1 i - n! , I t > 1 ' . ii I 1 • t ' i k 
'i'li«>s 1 o ci u, e 1 untnt- in p-oved lo >iu h a le^ el lhat multi- 

tablet packaging in conventional bottles becomes a norm. 

The future of FDTs lies in the development of FDTs with controlled release 
properties. If one FDT can cleaver ding; with sUorr bait- lives for 12-24 hours, it 
would be a quantum impi i ) m > lh 1 u i 

and compliance oi such formulations would he enormous. Ihe future or idh'Is also 

es i he do e >f effective taste-muski \ 11 

)ooth g; is loion ;ed, but it increases e total volume of the 

^ i i the nay be no n soiu 1 moi t -> f 

existing taste masking technologies is expected to alleviate the problems associated 
with taste masking. 

In addition, the ability to formulate drugs in large doses will bring another 
i m 1 _ i i in h~!~" u u _ t 

am^nnn -i evichnu. an i luuhng large d^ses of drug will only make the final 
formulation too big to handle. An FDT formulations that would require fewer 
excipients than the drug itself would be a breakthrough. While the problems to 
be solved are not easy the history suggests that it is just a matter of time before 
they are solved. 
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ix. conclusions 

The popularity of FDTs has increased tremendously over the last decade. There are 
about 40 drugs that have been rotmui.ued into marketed FDTs using various tech- 

_ I j 2 D [ [ HI Hf ] 1 (it 

or melting in the mouth, and this can be achieved hv producing the porous struc- 
ture ot thelal -iff irnsv w Ji inucpanl and- ot cifi i i .nl ^vopienas. 
FDTs prepared bv direct compression usuadlvhave good mechanical } x 
the strength can be enhanced further by subsequent treatment, such as moisture 

provide 

a rapid nun m .f .atfou, and in>n.oe i i It <. > an a grh : g die many 

benefits of FDTs. it is only a matter of time until a majority of oral formulations 
are prepared in FDT forms. 



REFERENCES 

1. landgnm \ J.m/nn 1 . Dy pnjgl.r. pen c • <1 a :ii .a ui u - ■anpiaha and cllnkai 

finding. Med Clin North Am 1993; 77:3-5. 

2. k V 1 i h, 'h \A L n ( I >. ti 
A review. Pharm Sci Technol Today 2000; 3(4):138-145. 

3. SeagerH. Drug-delivery products and i he .'-.J. t< -u S J s . n [t- [r 
Pharmacol 1998; 50(4):375-382. 

4. Dobetti L, Fast-mei foa 1 tbuun i K u e P'r i n Technol N 
Am 2001; Suppl.:44-50. 

5. Habib W, Khankari RK, Hontz J. Fast-dissolve drug delivery systems. Crit RevTher 
Drug Carrier Sys 2000; 17:61-72. 

6. Dobetti L. Fast disintegrating tablets. 2003. US Patent 6,596,311. 

7. m ■ n 1 t i [ l n I [ i i 1 ) [ 5003; 3(6) 
58-61. 

8. t Inn F ' " N i f v v i hF ! i f h i n 

N Am 2000; 24(6):52-58. 

9. 8 u 1 a i i u i i n 
US Pharmacist 2002; 27:34-43. 

10. Gregory GKE, Ho DSS. Pharmaceutical dosage form packages. 1981. US Patent 
4,305,502. 

11. Gregory GKE, Peach JM, Du Mayne JD. Articles for carrying chemicals. 1983. US 
Patent 4,371,516. 

12. Yarwood R, Kearnery P, Thompson A. Process for preparing solid pharmaceutical 
dosage form. 1998. US Patent 5,738,875. 

13. Lafon L. Galenic term for oral administration and its method of preparation by 
lyophilization of an oil-in-water emulsion. 1986. US Patent 4,616,047. 



4 6 9 



Begell House Inc., http://begellhouse.com Downloaded 2010-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



Y.FU ET AL. 



14. Gole DJ, Levinson RS, Carbone j, Davies .ID. Preparation of pharmaceutical arid other 
matrix systems by solid-state dissolution. 1993. US Patent 5,215,756. 

15. Ix i i ~> Li \ ^ u 1 lx t. J i:. f.-ji. „ ni'K-t . in overview of melt-in 

i r l i ii iouci 1 i 4 - ~ 

16. Van Scoik KG. Solid pharmaceutical dosage in tablet triturate form and method of 
producing same. 1992. US Patent 5,082,667. 

17. Makino T, Yamada M, Kikuta J. Fast dissolving tablet and its production. 1993. EP 
Patent 0,553,777 A2. 

18. Nakamichi K, Izumi S, Yasuura H. Fast soluble tablets. 1994. EP Patent 0,627,218 

Al. 

19. Humber-Droz P, Seidel M, Martani R. Fast disintegrating oral dosage form. 1997. 
WO Patent 9,738,679. 

20. Okada M, Ikeda Y, Ono K, Kurazumi X Kasai S, Imamori K. Quickly soluble solid 
preparations. 2002. US Patent 6,455,053. 

21. Pebley WS, Jager NE, Thompson SJ. Rapidly disintegrating tablet. 1994. US Patent 
5,298,261. 

22. Bi \ i ^ik' s ii xi i i in i it pi 

compression method: mechanism and optimization. J Pharm Sci 1999; 88(10): 
1004-1010. 

23. Bonadeo D, Ciccarello F,Fi > A . " J i -> - f. •! L } i ' 1 i _ i ulate suitable 
to the preparation of rapidh in n i 1 1 composition 
obtained thereby. 1998. US Patent 6,149,938. 

24. Jain RA, Ruddy SB, Gumming KI, Clancy MJA, Codd JE. Rapidly disintegrating 
solid oral dosage form. 2001. US Patent 6,316,029. 

25. Eoga AB, Valia KH. Method for making fast-melt tablet;;. 1999. US Patent 
5,939,091. 

26. Abdelbary G, Prinderre P, Eouani C, Joachim J, Reynier JP, Piccerelle P. The prepara- 
tion of oa.1 i ii 1 i \ K 1 1 r 11 JU 
278(2):423-433. 

27. All P \ o . la-cng a 
rapidly dissolving dosage form. 2001. US Patent 6,207,199. 

/ \ 1 v J 1 ( 1 X 1 [ 1 i 11 1 t K *Jt!g 

d i3 i i { -i i 1 ' f t ^ ' 

29. Misra TK, Currington JW, Kamath SV, Sanghvi PP. SisakJR, Raidcn MG. Fast-dis- 

i in; 1 J i { i t i h n i J 1° 9 

US Patent 5,869,098. 

30. Misra TK, Currington JW.Montwffl B, Kamath SV, Sanghvi PP. SisakJR, Raiden M. 
I i ' ' J': xr 'id 'i-i \ i med under high-speed/high-pressure conditions. 
2000. US Patent 6,048,541. 

31. Yang S.FuYJeong SH.Pafk k A} j i i i [ 

micropai tides as a supcr-disintcgrant in fast-disintegrating tablets.! Pharm Pharmacol 
2004; 56(4):429-436. 

32. Heinemann H, Rothe W. Preparation of porous tablets. 1975. US Patent 3,885,026. 



47° 



Begell House Inc., http://begellhouse.com Downloaded 2010-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



op \] , > ^ i ;> \ t . s 



33. Roser BJ, Blair J. Rapidly soluble oral solid dosage forms, methods of making same, 
and compositions thereof. 1998. US Patent 5,762,961. 

34. Lee C-H,Woo J-S, Chang H-C. Rapidly disintegrating tablet, process for the manu- 
facture thereof. 2002. US Patent application number 20020001617, 

35. Lo JB. Method, of producing porous delivery devices. 1993. WO Patent 9,318,757. 

36. h i 1 i i v v \ s v 4 1 t il disin- 
tegrating tablets in the mouth. Pharm Dev Techno! 2001; 6(4):487-493. 

37. Mizumoto T, Masuda Y, Kajiyama A, Yanagisawa M, Nyshadham JR. Tablets quickly 
disintegrating in the oral cavin - 1 5 t c > n 003. US Patent 
6,589,554. 

38. Liu F-y, He MM, Nyshadham JR, Sharma K, ChuJS, Fix JA. Water soluble polymer- 
1 i } i i 1 i i [ i t t 1 -> i it 
6,465,009. 

39. Tatara M, Matsunaga K, Shimizu T. Method and apparatus for manufacturing tablet 
capable of quick disintegration in oral cavity. 2001. US Patent 6,316,026. 

40. Lagoviyer Y, Levinson RS, Stotier D, Riley TO Means for creating a mass having 
structural integrity. 2002. US Patent 6,465,010. 

41 . Wehling F, Schuehle S. Base coated acid particles and effervescent formulation incor- 
porating same. 1996. US Patent 5,503,846. 

42. Wehling F, Schuehle 5, Madamala N. Effervescent dosage form with microparticies. 
1993. US Patent 5,178,878. 

43. Amborn J, Tiger V. Apparatus for handling and packaging friable tablets. 2001. US 
Patent 6,311,462. 

44. i 1 i.ii.L-s. RK. I i -m. U li . u-u K U •u.-: { U.is-J.ih Ji ••htli.- s !•<! t •{ ._»- t>,ttu 

2000. US Patent 6,024,981. 

45. Mizumoto T, Masuda Y, Fukui M. Intrabuccally dissolving compressed moldings and 

46. Cousin G, Bruna E, Gendrot E. Rapidly disintegratable multiparticular tablet. 1995. 
US Patent 5,464,632. 

47. Ohta M, Hayakawa E, Ito K, Tokuno S, Morimoto K, Watanabe V. intrabuccally 
rapidly disintegrating tablet. 1997. WO Patent 9,747,287. 

48. Hayakawa E, ito K, Ohta M. Tokuno S, Morimoto K, Watanabe V. Intrabuccally 
rapidly disintegrating cablet. 1999. EU Patent 0,914,818. 

19 , M : i > oki JiJ J / 1 ill 1 1 < 

B, Vene-Mozina A, Nikolic V, Lampret M, Meden B. Dispersible tablets of dihy- 
dotigo )li 1 i \ < \ t ih ct^ J 1 ' 1 I ^ ^ ! I 

5,047,247. 

50. Kovacic M, Milovac J, Cveibar P, Stale A, Trost Z, Kopitar Z, Kofler B, Nikolic V, 
Lampret M, Lippai M. Dispersible cimetidine tablets. 1991. US Patent 5,069,910. 

51. Reo JP, Fredricl son [K Taste masking science and technology applied to compacted 
oral solid dosage, Part 3. Am Pharm Rev 2002; 5(4):8-14. 

5 2 . hO i ■> i " P K, H < - -7 j (. \ * ~ n ST K r • ■- • i f 1 i ' ' f> - n 

2001. US Patent 6,221,392. 



471 



Begell House Inc., http://begellhouse.com Downloaded 2010-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



Y.FU ET AL. 



53. Myers GL,Batsist GE, Fuisz RC. Process and apparatus for making rapidly dissolving 
dosage units and product therefrom. 1998, US Patent 5,851,553. 

54. Morella AM, Pitman IH, Heinicke GW. Taste masked liquid suspensions. 2001. US 
Patent 6,197,348. 

i 1 I i } I j u< t ! -> i i _ t-> ir comprising 

sildenafil. 2004. Patent WO2004017976. 

56. Bettman MJ, Percel PJ, Powell TC. Effervescent microcapsules. 1998. US Patent 
5,709,886. 

57. Ghanta SR. Guisinger RE, Procedure for encapsulating ibuprofen. 1998. US Patent 
5,814,332. 

58. Friend DR, Ng S, Sarabia RE, Weber TP, Geoffroy J-M. Taste-masked microcapsule 
compositions and methods of manufacture. 2000. US Patent 6,139,865. 

59. Percel PJ, Venkatesh GM, Vishnupad KS. Functional coating of linezolid microcap- 
sules for taste-masking and associated formulation for oral administration. 2001. WO 
Patent 0,152,848. 

60. Lehamann K, Petereit H-U, Dnhi ) I i tiu_ f IK u e n let 
from coated particles. Drug Made Germany 1994: 37(2):53-60. 

<. I 1 1 i i 1 A i \ I. Preparation and evaluation of 

tablets rapidly dm : n 1 i containing bitter- taste-masked granules by the 

compression method. Chem Pharm Bull 1999; 47(10):145 1-1454. 

62. Gumming 

63 . Alkire TG, Sanftieben RA, Schuehle SS.Taste masking microparticles for oral dosage, 
forms. 1997. US Patent 5,607,697. 

64. Geoffroy J-M, Friend DR, Ng S, Weber TP, Sarabia RE. Taste-masked microcapsule 
compositions and methods of manufacture. 2000. US Patent 6,139,865. 

65. Cuca RC, Harland RS, Riley j, Thomas C, Lagoviycr Y, Levinson RS. Taste masked 
pharmaceutical materials. 1996. US Patent 5,494,681. 

66. Venkatesh GM, Palcpu NR. Process for manufacturing bite -dispersion tablets. 2002. 
US Patent 6,475,510. 

67. Gergeiy G, Gergeh T, Gergeh 1 Tt te ma ked pharmaceutical preparation in the 
fojm of u Ten tand/o tegratingtab ran j iate 1993. WO 
Patent 9,313,760. 

68. Pandya HB, Callahan TP. Taste masking for unpiatabie formulations. 1998.US Patent 
5,837,286. 

69. Mil It! i - l i .. I t i i . c til 1.0m 

position. 2000. US Patent 6,123,962. 

70. Shimizu T, Morimoto S, Tabata T Orally disintegrabie tablets. 2001. US Patent 
6,328,994. 

71. Shimizu X Sugaya M, Nakano Y, Izutsu D, Mizukami Y, Okochi K, Tabata T, 
Hamaguchi N, Igari Y. Formulation study for lansoprazole fast-disintegrating 
tablet. III. Design of rapidly disintegrating tablets. Chem Pharm Bull 2003; 51: 
1121-1127. 

72. Baldi F, Malfertheiner P. Lansoprazole fast disintegrating tablet: a new formulation 
for rest bl red t tor at I '1 2j:l 5 



47 2 



Begell House Inc., http://begellhouse.com Downloaded 2010-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



op \] , > ^ i ;> \ t . s 



73. Shiraiizu 1', Kara c ^ N 1 rl ! t i ii \1 t i 

( ! j ( 'ii/ - i inn 1 11 ! n etJ iiJ c cj th quality 

of the products. Chem Pharm Bull 2003; 5l(9):1029-1035. 

74. Stroppolo F, Ciccarelio F. Mikini R, Bellorini L. Oral pharmaceutical compositions 
containine" o" Iwdr.aUiu a ■■ i-].].: Lin: n."'] i- . 2'.:' : 2. \\\ ' P item 'J,!- 3/'2U 

75. *E r s E h v i v 3 i ^ 'i 3 Ei ii" K. Evaluation of the 
disintegration lime or rapidly J n tablets via a F method utilizing a 
CCD camera. Chem Pharm Bull 2002; 50(9):1 181-1186. 

76. Sunada H, Bi Y. Preparation, evaluation and optimization of rapidly disintegrating 
tablets. Powder Techno! 2002; 122(2-3):188-198. 

77. Bi Y, Sunada H, Yonezawa Y, Danjo K, Otsaika A, lida K. Preparation and evaluation 
O I <_C3 1 t. t ^ i u <" Ph i Bui 

1996; 44(11):2121~2127. 

78. Dor PJM, Fix JA. In vitro determination of disintegration time of quick -dissolve 
tablets using a new method. Pharm DevTechnol 2000; 5(4)575-577. 

79. El-Arini SK, Clas S-D. Evaluation of disintegration testing of different fast dissolving 
tablets using the texture analyzer. Pharm DevTechnol 2002; 7(3):361-371. 

80. Nai-azaki R, HaradaT,Takanii N, Kato Y, OhwakiT. A new method for disintegration 
studies of rapid disintegrating tablet. Chem Pharm Bull 2004; 52(6):704-707. 

81. Fu YJeong SH, Park K. Preparation of fast dissolving tablets based on mannose. 
Polym Mater Sci Eng Preprint 2003; 89:821-822. 

82. Wilsor ( C \ }\ 1 S E i 1 ' En -\ } The behaviour of a 
fast- dissolving dosage nam (FxpideF r <}[>.■•• d bv gamma-stlmigtapias-. En; 1 Pharm 
1987; 40(1-2):119-123. 

83. Wilson CG, Washington N, Norman S, Greaves JL, Peach JM, Pugh K. A gamma 
scintigraphy n ; i 1 1 n t txpidet i rra ilili n I 
and capsules in supine volunteers. Int J Pharm 1988; 46(31:241-246. 

84. Washington N, Wilson CG , Greaves JL, Norman S, Peach JM, Pugh K. A gamma 

^ ii i i h i i 1 1 Cv J i^t i 1 ii Uions lit J 

Pharm 1989; S7(l):17-22. 

85. van Scb.aick FA. Lechnt F Retnnaerie BM, Ko G, Fasseter KC, Mannaert E. 
PbauTnacobmetii compari on or fa i di integrating lad conventional tablet formula 
tions of risperidone in healthy volunteers. Clin Ther 2003; 25(6):1687-1699. 

85. Carpay J, Schoenen J, Ahmad P, Kinrade F Bosweli D. Efficacy and tolcrability of 
sujii.itdpi.iii tablets in a. East- disintegra; ing, rapid-release i • : nulla ti- .ii tor the acute 
treatment of migraine: results of a multicenter, randomized, placebo-controlled study. 
Clin Tier 2004; 26(2)^14-223. 

87. Dowson AJ, MacGregor EA, Purdy RA, Becker WJ, Green J, Levy SL. Zolmitriptan 
orally disintegrating tablet is effective in the acute treatment of migraine. Cephalalgia 
2002; 22:101-106. 

88. Dowson AJ, Charlesworth BR. Patients with migraine prefer zolmitriptan orally 
disintegrating tablet to sumatriptan conventional oral tablet. Int J Clin Pract 2003; 
57(7):573-576. 



473 



Begell House Inc., http://begellhouse.com Downloaded 2010-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



Y.FU ET AL. 



89. Lines C, VisserWH. Patients with migraine prefer zolmitriptan orally disintegrating 
cablet to sumatriptan conventional oral tablet. Lit j Clin Pract 2004; 58(3):322--323. 

90. Kinon BJ, Hill AL, Liu H, Kollack-Walker S. Olanzapine orally disintegrating 
tablets in the treatment of acutely ill non- compliant patients with schizophrenia. Int 
j Neuropsychopharmacol 2003; 6(2):97-102. 

91. Diez-Ortego i, Cruz M, Largo R. Navarro A. Paiacios 1, Solatia A, Sanchez- -Pemauie 
O, Egido J, Herrero-Be iru G >m ie ->t pi h i k 
Arzneimittel-Forschung 2002; 52(5):385-387. 

92. Pookarnjanamorakot C , La hi u fi id >. The clinical efficacy 
oi phoxicam h.;t-d.i.a olviog I i t postoperative pain control aher simple 
limb j \ ll" ' -> I ! I 111 J i.iil'.i, >■■:■■. M 1 > .a i- '.[■ J'M +'." 

93. Englert R, Fontanesi G, Muller P, Ott H, Rehn L, Silva H. Piroxicam fast-dissolving 
dosage form in the treatment of patients with acute low back pain. Clin Ther 1996; 
18(5):843-852. 

94. Nappi G, Micieli G, Tassorelli C, Viotti E, Altavilla T. Effectiveness of a piroxicam 
taot dis&clvH i i 1 > u n t>_ ^ i m torn t ^ -ieatrnent 
of migraine without aura. Headache 1993; 33(6):296-300. 

95. - \ Z\i 1 > k ] I c M [J 1 _ Nil 1 r L It 

A. Pno\ i i j I n th r t t 

acute renal colic: a double-blind controlled trial. Br J Urol 1998; 81(l):27-30. 

96. Siegmund W, Hoffmann C, Zschiesche M, Steinijans VW, Sauter R, Krueger WD, 
Dieciricb P. Relari\e bioavailability o; rapid iv Japeising, piano, and mkaoencapsuied 
acetylsahcvlic acid tablers i jingle don: 1 i i t Lit j Clin ' i i n > T 
1998; 36(3):133-138. 

97. Ishikawa T, Koizumi N, Mukai B, Utoguchi N, Fujii M, Matsumoto M, Endo H, 

gi t 3 xnpre ^ 5 }- 1 it' >. I s 

spherical sugar granules. Chem Pharm Bull 2001; 49(2):230-232. 

98. Bruna E, Leneveu A, Chacra MLA, Beihotal B, Chauveau C, Ragot F, Flouvat B. 
\ tin n i :i i nmiaiiyr Ki ai; j I m ill orption of the 
active ingredient. Proc Intl Symp Control Release Bioact Mater 1998; 25:938-939. 

99. Behnke K, Sogaard J, Martin S, Bauml J, Ravindran AV, Agren H, Vester-Blokland 
ED. Mu i napua ^j'.div . c j I n i c j it n t 
action study, I < tin Psyche pb irrnt col - \ \ 23(4):358-364. 

100. Stockli HR, Sword A. Zolmitriptan as fast-melt tablet in the acute treatment of 
patients with migraine attacks: the ZORO study Schweizerische Rundschau fur 
Median Praxis 2003; 92(9):379-389. 

101. Johnson ES, Clarke A, Green RD. Fast-dissolving dosage forms for dopamine agonists. 
2001. US Patent 6,316,027. 

102. JaccardTT, Lcydci J.Unc Nouvelle Forme Galenique: Le Lyoc. Ann Pharm Fr 1985; 
43(2):123-131. 

103. Dollo G, Chcvannc Fi Le Corre P, Chemtob C, Le Verge R. Bioavailability of 
phloroglucinoi in man. J Pharm Belg 1999; 54(3):75-82. 



474 



Begell House Inc., http://begellhouse.com Downloaded 2010-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



op \] , > ^ i ;> \ t . s 



104. Gatitanu E Dtimi trace! 1, Antochi S. Formulati n and bioavailability of pro- 
pyphenazone in lyophilized tablets. Rev Med Chir Soc Med Nat lasi 1991; 95(1-2): 
127-128. 

1QS. Clarke A, Brewer F, Johnson ES, Mallard N, Hartig F, Taylor S, Corn TH. A new 
foi uiiatioa of seieg 3 I i ity an< elect it 1 fot VIAO-.B 

inhibition. J Neural Transm 2003; 110(11):1241-1255. 

106. Clarke A, Johnson ES, Mallard N, Corn TH Johnston A, Boyce M, Warrington S, 

MllMlh fXj \ , ->( v - lit j , Ic^lli::^: I ''i! !■ } i 

preference and selectivity for MAO-B inhibition. J Neural Transm 2003; 110(11): 
1257-1271. 

107. Waters CH, Sethi KD, Hauser RA, Molho E, BertoniJ. Zydis selegiline reduces off 
time in Parkinsons disease patients with motor fluctuations: a 3-month, randomized, 
placebo - controlled study Mov Disord 2004; 19(4):426-432. 

108. Gremse DA, Donnelly JR, Kukulka MJ, Lloyd E, Lee C. A novel option for dosing 
of proton pump inhibitors: dispersion of lansoprazole oralh di integi iting tablet in 
water via oral syringe. Aliment Pharmacol Trier 2004; 19(11):1211-1215. 

109. Guillard O, Huguet F, I i neau B,Piri \,P iuA.At fgastioim 
absorption or urinary excretion of aluminium from an ailantoinate complex contained 
in ' Chern 
Clin Biochem 1996; 34(8):609-612. 

110. Jin Y, Ohkuma H, Wang H, Natsume H, Sugibayashi K, Morimoto Y. Fast- 
disintegration oral 1 1 ! J i i i i 
122(ll):989-994. 



475 



Begell House Inc., http://begellhouse.com Downloaded 2010-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



Begell House Inc., http://begellhouse.com Downloaded 2010-4-7 from IP 164.67.46.25 by Steve Wasserman (retrievit) 



